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SECTION I 



INTRODUCTION mD ENVIRONMENTAL SUMMARY 



A* Organization and Intention "of Report 

The purpose of this ^report is to present and prioritize the 
riiajor environinental> safety^ and social/institutional issues 'asso-- 
ciated with the further development of Solar Total Energy Systems 
(STES) • Solar total energy system^ represent a specific applica^ 
tion of the Federally^ funded solar technologies * To provide a 
background for this analysis, the basic concepts of STES are re- 
viewed, as are their resource requirements* The potential effects 
of these systems on the full range of environment^ concerns (eag.f 
air and water quality, biosystems, safety ^ social/inst#itutional 
structures, etc) are then discussed in terms of both their rela-- 
tive significance and possible solutions* Although the develop- 
ment of STES will eontribute to environmental problems common to 
any construction project or energy producing technology (i,*e*, 
air pollutants resulting from cooling tower "drift"), only those 
impacts unique to the solar portion of the technology will be dis- 
cussed in depth* Finally, an environmental work plan is presented, 
listing research and development proposals and a NEPA work plan 
which might help clarify and/or alleviate specific environmental 
problems^ ^ 

B 1 Splient Environmental and Safe ty Issues 

Since STES are still largely in the developmental phase ^ the^ 
potential environmental issues presented here and in Section IV y 
of this report are based essentially on technical subsystems 
studies^ extrapolation, and, in some cases, conjecture. The com- 
pletion of the 5 MW {thermal) Solar Thermal Test Facility and 



■ ' I 

niunber of total ena^y syBta|p demonstration projects in €he 
near ^future should, however^ provide the basis for a more de-^ 
tailed and precise assessment of the environmental impacts of 
STES, ' , * 

1* Misdir#^ted Solar Radiation 

Misdirected solar radiation from the heliostat field of -- 
small scale central receiver STE plants^ Is perhaps the greatest 
potential safety impact associated with STES technology* Result-' 
ing from the emergency or accidental defocusihg of the helio= 
Stat field from the central receiver unit, concentrated and 
focused solar radiation can te an invisible but serious, 
potent danger* This misdirected radiation can caiise fires, 
burns, and serious glare problems with possible eye^ damage. 
To protect against possible eye damage and glare problems./ 
plant personnel may be required to wear protective goggles. 
This problem, could be complicated by the proximity of the 
electric plant to Ipcal populationsC. ProvisiGtps for an Hrt^est" 
or "face down" position for the heliosbats may alleviate some 
potential dangers resulting from misdirected solar radiation* 
Finally, both terrestrial and overhead '^exclusion areas" could 
prevent people from being subjected ^to the hazards of this 
pnenomenon. • ■ ' ^ 

2. Froximity of STES ^to Local Populations 

The potenl^ia^l impacts associated .with STES t,ake on added 
significance because of the proximity of the energy producing 
and storage .subsystems to local populations (whether residents 
or industrial workers). Unlike solar thermal ^ electric cen- 
tral station powe rplant-s , which usually wouM ba located in - 
sparsely inhabited x"ura.l areas because of their relatively 

« , . , .-^ 
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large land requirements [l^2 square miles (3-5 km ) per MWe for 
the central rageiver conf iguratior^f STES installations, would be 
sited in relajti^ly highly populated residential^ communi|ties or ^ 
industrial areas whenever sufficient land is available. Thus their 
potential for impacting area inhabitants is much greater^ especially 
in tbe'event( of system failures. The proper delineation of ex=* 
elusion areas and adequate fencing would signif icahtly reduce the 
likelihood of se^rious safety problems such as those arising from 
glare or fluid leakage* Certain protective devices such as goggles 
could also help to alleviate potential hazards for industrW.al per-- 
sonriel who work both within or near the energy producing plant. 
Finally^ adequate eHucation of workers and/or local inhabitants 
as to the potential safety hazards of STES would prove helpful 
in avoiding, in j uries , 

Thfe above are believed to be the primary potential problems 
associated with the .further development^ of solar total energy 
systems. These problems may be .offset by a number of baneficial 
aspects related to STES development. As an alternative energy 
technology^ STES are designed to displace to a certain extent 
fossil fuel combustion and/or nuclear power generation, ' Thus 
STES development can be expected 'to result in less air^ water^ 
^nd thermal pollution than corrd'spQnding conventional systems. 
In addition, solid waste generatiion (e,q,/ ash^ scrubber sludges^ . 
radioactive wastes) would be signif icantly ld^ss and thus disposal 
probl^s would be reduced. The lattei^ would most likely compensate 
for thm relative land intensiveness of STES, Thus the benefits 
of STES development may balance or outweigh the potential environ- 
mental and social .costs when all factors are cor^idered, 

3* Working Fluid Impacts . "7 

, • = / * 

Va r i o u s wo r k i n cj , heat t r an s f a r f and s t o r a g e f 1 u i d s s u cH ■ 

as hydrocarbon oils and salt solut i6ns \ are options for use in 
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STES* The accidental/or emergency relea^se ofr^these sub- . ^ 
stanites into the local environment coulS re^lt in potentially 
serious pollution .and safety hazards. From the safety standpoint, 
fire represents perhaps the greatest hazard Some of the sub-- 
stances contained in these fluids are highly flammable, especi- 
ally when exposed *to the atmosphere* The release of certain of 
'these fluids could contaminate local water supplies and also 
damage the ecosystem. proper system Control and maintenance 
should control fluid leakages,* Selection of the least flam-- 
mable and toxic working fluids sjiciuld alleviate both ^tential 
fire and pollut^ion problems. Finariy, adequate chemical/fluid 
management can control possible impacts if both accidental and ., 
intentional fluid^ release .Such problems are not anticipated 



if solar total energy systems operate using water, steam, or, 
perhaps in the long run,^ various inert gases. _ ' ^ 

4. Impauts on Utilities 

The daployment of STES could significantly impact local 
utilities and utility/consumer relations. An STES employ ing. 
.a' fossil fuel-fired backup system would imply complete indepeh- 
dence from the utility network. In the case of industrial STES 
installations, the utility would be most likely lose cheaper base 
load demand rather than the fnbre expensive peaking dertiand. Thus 
revenues would be reduced, but expensive peaking capacity would 
still have to be maintained. ' , 

i - 

Solar total energy systems which rely on utility-^supplied 
auxiliary ipower may incur pricing schemes which penalize inter-- 
mittent cQ*iSumers, because utility companies claim that they must 
still retain full generating capacity in order to meet demand during 
periods of extended severe weather when most solar/storage systems 
will not operate. The construction and maintenance of little- 
used qenei^atinq "capacity is an expensive proposition wlti^e^r^ would 
significantly strain the profitability of most utility companies^* - 
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F4nariy,^ certain 'legal problems may arise concerning a 
Utility's lega^l monopoly on -€ha generation of eleGtrlcity, In-^ 
stallati^ns which employ STES and thus produc© their own elec- 
tricity would have .to seek and, obtain permission for this purpose 
^from' the proper Federal, State, and local regulatory authorities. 

V Thus, careful attention should 15e* given to ^the development 
of alternative rate structured which would not penalize STES 
consumers *and at the same time enable utilitie^^^' mair^ain s.uf- 
flcient revenues and profits. Contractual arf ange^ients may be 
worked out whereby an 6TES installation would prqvid& excess elec 
trical power to the utility. Hopefully, this would enable ^the 
latter to reduce its generating capacity to a limited extent. 
Legal constraints ^ay exist regarding of^-site sale of alec- 
tricity; therefore, tfhe development 6^ STJS will require^work- 
^ ing within or modifying such' constraints'. 



JfeECTION II ... 

SOLAR TOTAL ENERGY SYSTEMS ^ 
^ ^ * • . TECHNOLOGY 

A , Gensral ConceptB " . . , ^ ^ 

The general concept behind solar total energy eystMis is 
one of "cascading" energy use* This essentially involved the 
utilization of waste heat ^ from one buil</ing energ^f unction to 
fuel another building energy. fiTnction requiring lower 
temperature energy. This sequential^ usage ^ or cascadi^^ of 
thermal energy typically results in ^greater overall syitJem 
efficiency than conventional separate'-f unction systems^ primarily 
i>ecause ui^used or wasted energy is kept to a minimum. For example^ 
average elfectrib power^ generation cycles operate at 25 to 35 per- 
cent eff iciency ^ whereas a solar total energy, system is capable 
of overall energy utilization (electrical plus thermal) in the \ 
60 to 70 percent range* Solar total energy systems kre an 
application of solar energy technologies. As an^application ^ total 
energy systems may employ various solar technologies to achieve fj 
the desired functions of a given system. 

The so^Xar total energy concept'^may employ a distributed 
collector configuration or a central receiver system to collect the 
solar energy which is tnen used to power ^an electrical generator. 
The waste heat' f ^om this process is then stored and/or used to ^ 
meet building heating^ cooling, and hot water needs which require 
relatively lower ^ temperatures than the initial elictrical power 
' generating function* , ^ ^ 

This concept can theoretically be appLiW to a sincfle 
building, an industrial installation, _.ad array of deta^ed / 
buildings (e.g.^., sinfgle family residences),^ o^ a mixed-load .. * 

. community consisting. of residences and buildings of various sizes 
^hd heating/cooling loads, The system, however, is subfect to 




iimum aijd maxiinmn eiie coTnstraints owing to the extended 
collector land arM and piping requirements for a large system, 
and to the high costs of electricity, generation and storage, 
for a single small '^building . , " 

The fbllowing arialysis J,s J^ased on a system consisting % 
of 1,000 identical detaohed s^ngle^ family resi4rtices/ and^ esseri-^ 
tially follows the Sandia Laboratories design, Figure 11-^*2 
illustrates schematically the Sandia solar totaj. energy' concept 

■ " \ ■ - .. ■ . ^ - ■■ 

B,^ Subsystems ' * 

^ — ^ — ■ =■ * i ^ ' 

The^ subsystems of ^solar total energy systems can be divided 
into two basic functions^ electrical power generation and space 
conditioning. The electric power generation function can be 
performed ^^^ia the application of a number of solar techno logies . 
These basically include solar^ thermal electrize (STE) sVatems 
such ^jis thfe centra^ receiver and distributed collector designs, 
OtherN^solar elect:^ic generating technologies are applicable to 
solar total energy systems. These include photovoltaic celLs which 
generate er#otiricity via" photoelectron mechanisms , The waste heat 
from these reactions pan then be used to heat a working fluid for space 
conditionijig applications. /Th© STE technologies will be briefly 
described below since they are the systems bei^ primarily 
investigated by ERDA for total energy system applications . ' 
Finally, the're^will follow a description of the, remaining sub=' 
systems necessary for space conditioning and' completion-^ of the 
total energy c^le. f . 

f ■ ■ ' . . . 

1. Sola^ thermal Electric Power Generation 
a, B^sic Concepts | 

r ^ , 

The basic concept underlying solar thermal electric power ^ " ^ 
generation is the utilization of solar radiation to heat a work-- 
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ing fluid to a high enough temperature so that it can be used 
either directly or indiractly to power a turbine ^which will in 
turn drive an electrical power generator, thus producing elec- 
tricity, -'^ 

To attain the high temperatures required for this application, 
concentrated, direct solar radiation is usually necessary (diffuse 
radiation cannot be tTjcused) , thus signifying; the need for 
some sort of focusing collector configuration. Ivo methods ' 
presently exist for attaining these requisite, temperatures in 
working fluid quantities large enough for electric power genera-- 
tion: the distributed collector system and the central receiver 
system, . ' ' ® 

b. [M.stributod Collectors 

Dis^tributed collectors refers to a system which employs 
multiple collection centers for solar/radiat ion as opposed to ^ ■ 
the sinqle collection point used in the central receiver 
system. The basic con fiqura tion of the distributed collector - 
system is a series of modular cylindrical (parabolic)^ or seq^ 
Fientea mirror focusinq collectors ^with an interconnected 
abosrber pipe network to carry the^ solar = heated working fluid 
to the heat exchanger unit. A se'ries of circular parabolic 
..dish concentrators with iiiterconnected piping is an alternative 
distributed collGctor con fiqura tion . At the collector pipinq 
termination point the working fluid is used to qenerate steam 
or some other superheated turbine fluid in order to power the 
turbocfonr^rn f:.or , Si nco distributed collectors focus direct 
solar radiation on fhe abhiorber, they must incorporate at least 
a one-dimensional movement mnchanism for purposes of trackinq 
tho Hun across the skv. 



Di^i t r i InitCK] collector systGms are gGnerally dQsigned to 
operate with v/orkinci fluid tGmpGratures in the vicinity of 
SSO'^F 700'^F ilSb'^C - 370^0, [However, the development of 
secondary concon tra tor s ' could conceivably increase those oper= 
atdnq ^ temperatures to -93n^'r (-^500^0. J In total enerav sys- 
terns , the desicfn is aimed at maximizing the e f f iciency of tur- 
bine operation. If in doina this the available rejected heat 
is .insuFricient fo meoh IieatincT loads part of the time, then 
a portion of the workincr f 1 aid 1^ by-p4ssed to be used in 
heatina^or a separate low temperature collector system is ^ 
u ti- 1 I zofi . 

" ^ ' ... 

' The working f luid-s currently under consideration for use 

in these systems include high molecular weight oils such as 

Monsanto 's Thorminol 66/ hITEC (a eutectic of potassium nitrate, 

ac5dium nitrite, and Sodium nitrate),- high pressure water^,^and ^ 

high temperature steam. 

Distributed collector systems can incorporate a thermal 
storage subsystem. This subsystem usually employs sensible 
heat energy storage, generally making use of oil or water as 
the medium. The placement and function of the storage , 

subsystems v/ill be" discussed below. 

( ' ' 

The turbogenera tor^ and heat rejection subsystems employ 
technology which is currently in wide use in conventional fossil 
fuel-^fired electric generating plants . 

liecause of their limited working fluid temperatures, 
pumping losses due to extended absorber pioing, and con-^ 
sequent lower conversion efficiencies, distrrbilted collector.^ 
systems are not ideally suited to large scale power generation. 
Thus it has been widely concluded that the central recaiver 
system offers the most economic application of solar thermal 
energy to the production of electricity. ^ 




■ , ' c. Contral RGceiver ; 

The central^ receiver systera focuses all of the incoming - 
direct solar radiation on a siriyle ppint rather than along the 
length of an absorber 'pipe , Consequent ly , sigji^f ^cantly higher 
temperatureB are attainable with this systeni thc^n v^ith disLrii)utod 
collectors. These .hiciher temperatures [upwards of 1004'^F = (SIO^^C) 1 
al/so result in greater overall conversion efficiencies^^ typi- 
cally around o24 percent^ for the= central receiver Hystenu 

The basic system configuration involves 'the use of arrays ^ 
of tracking reflecting mirrors calle^d helio^tats, |^hich focus- 
solar energy on a - single large receiver niounted a^c^p a tower. 
The working fluid contained in the receiver is heated-by the 
f o c u s e d s o 1 a r e n e r g y a n d t h e n pi p e d t o t h e turbo g e n e r a 1 6 r u nit 
(usually located v/here it^is used either directly C)r indirectly 
to power a convent iontil turbine and gesnerate electricity) * 

The central receiver system consists of five main sub= 
systems: " ' • 

!) a collector concentrator subsystem to collect 
."^f^^d. a r' energy ) 

2) a receiver heat transfer subsystem to convert 
solJir eneruy to "thermal energy; 

3) an electrical oov/er qeneration subsystem to convert 
thermal enerrry to electrical energy; 

4) a thermal storaqe subsystem to co^^:)r periods when 
d!r^'r;t fvJ.ar radiation ls nut avai.iable, and, ojj- 
t i o n a 1 1 y ; . ' ■ ■ - j 

5) an on-site conventional backup or auxiliary sys-^ 
tem ^Mnird ov'incr fossil fuel-fired boilers to insure 

\. nvs tem reliabili ty'. 

The i ux t-ipos i ticji. oF tliGHC subsyBteins will vary v/hen'cen- 
t-nl rnnpi^'nr t-f^r:h:i'] I fv-" if-; iMnl lod ho solar' hotal cnera\' svstoms. 



( 1 ) Col lector/Concent rat CD x;- 'S.ub system 



The collect6r/concentrktC3r subsvstem has as its basic . 
function the . in tercap hionv |concentrat ion , and reclii-ec tion of 
direct solar radiation to t1^ ^ rece i ver/heat transfer subsyst^: 
Ab noted above, this su)^?^yste^ consists of a field of arrayed 
hdliostats and a trackiriq mont^ol system used to maintq^n con=- 
tinuous tocus qn the central receiver. Unlike distributed col= 
lectors, the heliostal:^ 6f the currently most attractive central 
receiver = svsteni must/' track the sun in at lefet two dimcnBions. 

^ (2) Receiver/Heat Transfer Subsystem 

The^ receiver/heat transfer subsystem collects the redirected 
solar radiaLion {"^orn the heliostats and trans'fers the solar 
eneruy to the workina fluid. The fluid is then transported to - ■ 
the electrical power generation subsystem where the thermal 
^inoray is used to fjower a' turbine. 

The subsystem ^consists of the receiver support tower, the 
receiver and boiler units, and the workin9 fluid, which may or ' 
rmay ho,t be the same as the turbine workincj fluid. 



Support towers will vary in height and may be constructed 
of either steel or reinforced concrete. In addition to support-^ 
'ing the receiver unit, the tower will also contain transfer 
pipinq "and a maintenance access. ^ 

/ 

The receiver units presently under development wiclude 
basi.c design?;: the planar or direct open receiver and the ciavi'ty 
type receiver. In the planar configuration,, the absorbing sur = 
face is placed in the open at the ' focus of the heliostat fieM. 
In this position it radiates and con\'ects heat openly to tiua 
£m r r o u n d i n r j a _l r , 



r 
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To counter tho hoat loss, of an ppan plana£ risd^i vor ^ tho 
cavity concept employs an enclosed receive'^ uni=t-~^^wi th an aper-^ 
ture(s') placed ^t the focal point (s). The focused solar fadi = 
ation passes through the aperture and strikes the absorbing 
surface' within. Since the outside cavity walls are heavily 
insulated, heat losp^s reduced to that lost through the api3r= 



ure. 

Boiler tubes containing the wor'kina fluid are welded to 
the receiver memlDranf^ in a manner similar to standard fossil 
fuel boilers. ^Redirected sylar radiation fi^om. the heliostat , 
field strikes the receiver/membrane and^tubing^ thus heatinq' 
thts'working fluid f lowincj/ wi thin the tubes. j 

The choice of working fluids depends upon the type of 
electrical power generation subsystem in use^^ the temper atpres 
required to power the turbine, cost, and environmental concerns. 
Presently under consideratiOFf as central receiver ivorking |fluids 
are water/steam (which can be used directly in ^a Rarfkine cycle 
€ilectrical power generation subsystem as the turbine working flu 
id) .and various salt soJ.utions such as HITEC. The hydrocarbon 
oils mentioned in conjunction with the distributed collector sys 
terns generally cannot operate ft temperatures .greater than| 650^^F 
(340^0 . 



3) Electrical Power' Generation Subsystem 



The electric pov/er generation subsystem interconnects the 
solar thermal conversion and conventional electric power aen^ 
oration tochnolocricSp The main function of this subsystem \b 
to transform the thermal energy from the receiver/heat transfer 
subsystemi .(the soliir heated v/orkinq fluid) into electrical 
power.. At present, the Rankine cycle is most applicable to 
solar total onerny svstem use. 

The Rankine system is Ifighly developed and is used tc 
cfenera te much f .the cJ.octricitv i^roduced today. Most central 



'reccivcM nlant 'UMn i.'.iri;^5 i.:u:GSOntly cnvisiarj^. the USG of a Rankine 
cycle electrical power qeneration subsystem with superheated 
steam as the turbine is^orkinci fluid* Roller ^ fcedwater is passed 
throuqh boiler and sur:ie rhoa tc r tubes in the rGceiver/boller UTiit- 
whcre it is heato 1 by incomina solar radiation to saturated and 
superheated s team. Thi^^upor heated s team is ^then piped down 
ho the electrical power Wer|orat'ion subsystem £ft the tower base 
where it is used directly to power the turbocTenera tor unit and 
produce electricity. Superheated steani in excess of the amount 
needed to nov/er the^turbine is used to J'charqe" the low temper- 
aturo thenrmal storacje system which,- in* turn, supplies space 
heatincj ancT^rjolincr (st^3 belov/) , The t Lirboaenerator unit will - 
emp Uv/ conventional wet or dry coolinq towers for excels waste 
heat rejection to the a tmosphere , = i f necessary. The ti^rbine. 
cnndensate ( r'econdensed snent steam) is returned to the boiler 
feedv/atcr jtIow lino for rehcatinq. 

The use of a boiler workinn fluid which is dif^ferent from 
the^ heat transfer fluid will recjuire a secondary loop using heat 
transferred via heat cxchancier unit. The rest of the eledtrical 
power qeneratron subsystem operates in the same^ manner as above, 

(4) Thermal Storaqe Subsystem 

Solar 'tc^tal enerqy systems v/ill typically employ tv/o, thermal 
storacre units: . a hiqh temperature system^ ,and a low temperature 
system (see belov/^ The aeneral function of the thermal storage 
subsystem is to store thermal enerqy qenerated by^ the collector/ 
concentrator anr! receiver/heat transfer subsystems in excess of 
that reciuired fDr normal olant opcir^a t ibn , ^ and to supply this 
stored enerqy as a buffer at times when direct solar radiation is 
not availabb^^ fide,, because of cloud cover or darkness). In the 
hiqh temperature storage system, this involves using €tiB stored 



thermal enerqy tw heat: the jturbme v;orking fluid temperatures to 
the' level necessary to power the turbine when sufficient temper- 



atures for this purpose cannot be^ generated directly by the 
receiver and ^boiler using the focused solar radiation from the 

■i ' ■ 

heliostat field. As noted above ^ the low tarripera tur^e storage 
system stores ^waste heat froni the turbof eneratQr and distrib^ 
ntes this he^at for apace.-^-^*ndi tiohing and domestic hot water 
applications, ^ - " 

. At present, 'thermal storage technology employs the sensi^.e 
V heat - transfer and/or latent heat ofj' jfusion properties of various 
storage "media,'' ^The latter method invoi^fes a. phase^ chaiige . 
and malces use of the relatiTely narrow freeze-'thaw terr^^erature 
. ranges i>f seLetted materials such, as eutectic salts [f®r ex-- 
ample ^ . md Item sodium hydx'oxide (NaOH)- and potassiuw hydroxide 
(KOH)].. Sensible heat storage does not involve a phase cliange 
but makes use of the high specific heat properties of such ma- 
ter^ials as rock and hydrocarbon oils. 

These storage media are held In storage tanks. In the 
charge mode, solar heated working fluid {i/.m,, superheated steam) 
generated by the receiver subsystem and in excess of the amount 
needed to power the turbine is diverted to the high temperatura 
storage subsystem and enters the stf-^rage t.ank. The working 
fluid then transfers heat via heat exchan if rs to the oil or rock a4d, 
ur causes the eutectic salb solutions to melt. When storage power 
is required; the process it reversed with the oil 'or rock trans- 
ferring h|at back to the boiler feedwater and the salts freezing, 
thus releasing heat to the feedwater to produce the requisite 
turbine operating temperatures (i«e., superheated steam). 



The higfkfe^Cepperatu^e storage subsystem is placed con- 
ceptually betwcsen the collector and electric power generator sul^^ 

systemsv It typically makes use of sensible heat thermal energy 
^ \ - . - 

storage and is designed to stor-e f 1 u£d at the required turbi ne in^ 

_ _-- 

let temperature. in the Sfir^ciia distributed colleptor concB^'W, 

- 1 'j - • 
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'Jherminol 66, a hydrocarbon oil and the collector working fluid, 
is also used as tha^^high temperature storage mediiihi and is storod 
at 602''F ' ( 316^C) , wWich is the design ^ collector fduid outlet/ 
'turbine inlet temperature^. '^The system is sized in relation 
to the(.Gollector area, and is capable of; at most, overnight 
storage at the design temperature. Fluid sensible heat 
^storage tvpically involves the use of a properly sized and 
insulated :^l\rid storagG tan]:. 

The low tenip^erature storage subsystem is designed to store 
the waste hedt from the elect-ric power cTeneration subsystem lor 
use in buildinq heatina<"^ cooling and hot watc^r applications. 
Sincer the temperatures are^ower^ the Sandia design emplciys 
water as the low temperature sensible ^heaj.- storage media. Again^ 
the U5ie ot an insulated fluid storacie tank is required^. 

■ ^ i > ■ , 

2. Total Energy System Applications Using Solar Thermal Electri 
Power , - \ ' 

^ a. Electrical Pov/er Generation Subsystem - ■ ■ 

The Rtajikine cyc^^e turbine system is used for electrical 
generation^ emplc)y.i/ng the heat generated by ^he collector 
' subsystem and/or availaijlc Grom high temperaturq^ stTor^ge^. The 

turbine and^ gennrator are propc^rly si^ed to meet electrici 
^ demand^ and are desicjnd'd. to' operate ali the Cmaximum *a ttciinable 

£f iciencies . The was te^ heat from the turbine is used to provide 
'a])l or som.e of the hea^ for, heating, cooling, and hot 'water 
DilirDOses . > . 

/ ■ • /■ . 

- The Sandia diBtributed collfctor system employs superheated ^\ 
j J toluene as the turbine ..working fljaid. Inlet temperatures f rom ^ 
the collector/storage fluid of" 602^V (316^"^C) are required, and ' 
the condenBar temperature is set at 200"p (93"c) to allow tor 
coolincr water temperatures or.l90°F (88"p), suitable for absorp-^ 
tion air conditioning as v/oll as heating\ind hot water purposos,^"^ \ 
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Thorminol 66 is passed through a heat exchanger in the 
boiler sectj,on of the electrical pdwer generation subsystem, 
where its heat is transferred to thi toluene turbine workincj 
fluid. The Slower temperTature [440°F (22-6°C)] ThermiQol 66 is 
then pumped hack into ^ the collector subsystem "to b& reheated. 

The cooling water, v/hich is passed throiigh the electrical 
power genenjation Wfe4ystem condenser to condefnse the superhea"t-ed 
toluene once, it has left the turbine unit, attains a temperature 
of 190"F (88°C) and is then transmitted to the low temperature 
> storage systtlti for distribution to meet heatingf cooling, and hot 
wat^^r requirements. The 'overall estimated efficiency of. the San- 
d i a t u r bin e /' g e n e r a to r s y stem i s 1 ?' .9' percent.^/ 

Vt. ta 4Ioat .r<ejGction Subsystem - . - 

Unlike the solar thermal con vers powiir plcint designs, 
^here waste hoat from the turbine/gonerator is simply /re j ec ted 
tlie ciLmosph^rc, solar total energy systems make us^- of most 
of this waste h.^at, ^In coruain cases, however, excess waste ^ 
hoat inusL be rejcctod. 



- ■ / _ _ _ ^_ - y , . ^ 1^^ V\ i^L L L=l Wl 1 CJ L. U 1. CI 

wGi:^ serve to ^ssi|!>ato excess thermal energy 
terns are | full. \ 

/ < 



For this purijosa, a coolinq tov/er is associated with each storaqe 
subsystcMn. Tho towe 
when th- storaqe s 

In the bandia aus,; jryv the high teinperature stcte^e ^ coolinq ^ tow^ 
is designed to return fluid to storage at 440^F (226"c) , whereas 
the low temperature: - owor'" re turns fluid at 125-^l\ (52^C). A sat of 
switches senses v/heu the storage systems are at capacity and ■ 
ra-route the fluiu airectly to the appropriate coolinq tov/er. 
When the stored tlic;riiial enei^gy is reduced., the return fluid 4s 
routed directly to the appropr iate'\ torago %nit , and ^^the 'associated 
cooliaig tov/er is fshut cinv;n. Thus, solar total energy syBtem ^ 
cooling towers ilTay^^nly operate intermittently 
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:5 . space Cbnditioning 



^ The thermai distribution subsystem consists of a network ^ 
of insulatel piping and pumps which distribute the heated wate^^^^ 
from the low, temperature storage subsystem to the individual 
buildings where it is ;used for iieating, cooling^ and .hot ^water 
appl 1 ti^nn . ThlF^ piping syntorn then carr^^T the lower temperature 
[8f/''F (3Q^"^r:) drop between exit and i;^^^^ (s,pent water back to 
the low r enipo ra L Li r;e storage systenu ^ ^ 

The piping is sized according to flow and 'pressure re= 

quirements and varies -\ result of rneraina fluid flows, 
*^'^umpS/ valves, and cohtrols are included in the network, as. 
/i well as 'provisions for ^^thermal expansion, i 

Each building employs the hot water from the thermal 
distribution subsystem for heating^ cooling, and hot water pur-- 
poses, much in the same manner as if the water were derived from 
r individual solar systems. The exception is , that a storage 

system for each building^ is not required^ ^, ' 

Heating is darived essentially iSy passing air through a liot 
wate^coil, v;hile domestic hot v/ator results from a working 

fluid to potal>la ■;atcr hcaL tji^ioiianyc^r in a conventional hot v/ater 
storage tair.k. = • 

^ Cooling is acli io\a-a tlirough the use of indivi dual absorption 

air cc)ndji tioni nc; units v/liich are designed to function using the 
hot wahnr^ from the thermal distribution subsystem. Building 
elec t rici t;/^ is, of ccjur?:p, derived directly from the eljotrical 
power generation subsystem. ■} 

■ • , ■ 

4, System Au>-r^I.iary Ivju i pmen t. 

Two fossil fuel=- fired furnaces are rn eluded in the Sandia 

\ 

system for backup purrjososj 



) 




One furnacu for the high tempera ture storage sy^tcBm is 
located conceptually between the / turbine/genera tor and the high 
tenipfrature storage unit. If the^ storage volume is below a 
minBiium valua, the ruturn ;luid Iroia^ thi:^ Lurbine is rcbutod, through 
thfcj furiiace where it is heated to me requisite storiiqi^^^^mporiiturQ, 
The furnace will also Qpurato if the Leuiperatura in the stwJ.i-iau' / 
tank is- belov the mj^nimum -value. 

The o.ther ' furnace is^locr^ed between the thermal distri^ 
biition subsy^t_em_and the low temperature storage unit.- It 
operates in the same manner j'as the high temperature sy^stem. ' 
4 high temiperature and low teniperature au>ei^liary 'furnaces 
CR up the 'electrical generation (higji ieniperatur^e 'storage) 
a n d ^ t h e s p a c e c n d i t i o n i n g (1 o w t e mp e a^ru re s t o r a g e ) s u b s y s 1^ e mi s * 
respectively. ' ^ ^ . 



Since these furnaces represent auxiliary equipm.ent^- they 
are/ of course, designed to operate intermittently. 
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SECTION III 



RESOURCE REQUIREMENTS AND 
DISPLACEMENT OF ALTERNATIVE ENERGY ^SOURCES 



A, In^oduction 



The purpose ^of 'this vsection is to provide a b^ic idea' of 

STES resource requirements and energy displacement. STES siz 

and co.TTiponent usage will vary greatly depending u|*on specific 

applications* The employment of different technologies, espe=- 

cially in the electri*city production function , will cause wide 

variations in resource requirements as well as in the ability 

of the system to displace alternative sources of energy* 



B . Resource Requirements 



Thefee 
wilP 



J electric generating plant and storage portions of an 
^ require relatively large amoun*^ of common m.aterials 
such as ^onc^rete, steel, glass, and alumirtum. These require-- 
ments for both' central receiver and distributed collector sys-- 
tems ar^ presented on a tons/MWe capacity basis in Table lli-1. 
The resources required for the^ thermal distribution subsystem 
will consist mostly of metal piping, the amounts of which will 
vary widely in relation to STES design, layout, size, and the 
number of indixidual units to be heated or cooled. Most of . 
those materials ^rm readily available with, the possible excep- 
tion of aluminum, the production of which may be constrained, 
by reliance on imported bauxite ore. ■ Chrome supplies also stem 
largely from imports. Materials availability, however, is not 
expected bo a limiting factor in STES development. 

C . D isplacem.ent of Alternative Ener gy Sources'' ^ 

By using solar energy to generate electricity and provide 
building heating and cooling, solar total energy systems can 
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TABLE 111=1 ^ 
* ^ CRITICAL MATIRIALS R|jQUrftEMENTS FOR 

SOLAR TOTAL INERGy SYSTEMS 
^LiCTRICITY GiNERATlON AND THERMAL STORAGE) 



Critical Materials 
Iteal .£ 
Concrete 
jiass 

Muminum 

Copper 

^lastic 

rteulation 

Shrome/Titanium 

Silver 

^iscillaneous 



/ 



CENTRAL RiCilVER 



[tops/ M We (metric toiffs/MW^^ 



DISTRIBUTED COLLECfOR 
[tons/ M We (metric tons/ M We)] 



'500-7(30 


(450=630)^ 


700-1000/ 


(630=910) 


1500=2501 


(1360-2270) 


500-1000 


(450-910) 


50=100 


(4B-90) 


4-6 


(3.6-5.4) 


20=50 


{1i=45^ 


24-30 


{^.27J,. 


5^10 


(4.5=9) 


5-10 


(4.5-9) 


5-20 
20-40 


(4.5=T8) 
(18=36) 


40-60 
25=30 


(36-54) 
(23-27) 


12 


Jp.9-1.8) 


4-6 


(3.6-5.4) 


0.01=0=05 


(0.01*0.05) 


0.005=0.01 


(0.005=0.01) 


5=10 


(4.5-9) 


5-10 


' (4J.9) 



Source: MITRE Corp., Analysis & Planning Support for ERDA DSE.^^ 
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significantly reduce the consumption of the fossil fuels presently 
uaad in these applications, Sandia Laboratories has estimated 
on 9l comparative basis the fuel and other operating costs asso- 
ciated with running'^a 1 , 00^-identical dwelling community* A ^ 
hon'-sbl^ar total energy system powered solely by fossil fuel- 
fired boilers would result in 56 percent of the operating costs 
over the life of the. system going toward .fossil fuel purchases. 
Fossil *fuels consumed 'in thi-s instance would still be well below 

^tha ambuhts required if electricity and heatingi and cooling were 
provided separate^^ and^ in the case of the latter * on an indiv^ 
idual basis (that is^ if a total energy configuration were not 
employed). The ii^o^ition of a solar thermal electric system 
to power ^ the turbogenerater^ fossil fuel being used only for auxilia 

^ purposesV would fi^Bh«r reduce total, fossil fuel consumption* C 
It j^s- estimated that golar energy oh the^ average could provide 
64 'percent of the STES energy requirements, the remaininQ 
36 percent b^ng provided/ by fqssil ^Ue].s1 Over the life of the sy 
tern, then/ fossil' fuel costs coutd^be cut from 56 percent of the 
overall Qperating budget rn a non=-solar total energy^system to 
19 percent in k solar total Venergy system*"^ 
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SECTION IV 
ENVIRONMENTAL AND SAFETY IMPACTS 

■ ■ ^ : \ . 

A. IntroduGtion 

Solar total energy Bystems incorporate a number of solar 
technologies^ and thus the ^erivitonmental impacts of STES will 
be of a diverse nature. Essentially ^ the impacts encountered 
will atam from the two basic STES functions of solar thermal 
.electricity generation a fid s p ac e ^Ke a 1 1 ng ' an ff"'coo Tl^gT Space 
heating and coolin^^ is normally a decentralized technology; how^ 
ever/ the onsite generation of ^electricity will mean/tha-^ solar 
thermal electric (STE) installations will be in close proximity . 
to area residents and workers. Because of the ability of both 
of these solar technologies (STE and heating and cooling) in= 
corporated in solar total energy systems to impact significant 
numbers of people, special attention must be given to both the 
environmental and safety effects of STES deployments. This 
section will, examine these impacts, concentrating on'the solar 
portion, of the technologies. Conventional impacts, such as 
^ those stemming from auxiliary fossil fuel-fired boiler operations, 
will be only briefly addressed. 

B. Air Quality 

Air quality impacts of STES are expected to be minimal, at 
, least insofar as the solar portion of the technology is condiei'ned. 
Air quality effects which do result will primarily stem from the 
conventional and auxiliary equipment associated primarily with 
solar thermal electricity generation (i.e., conventional fosWil 
fuel^fired auxiliary boilers and cooling towers). 

1. Auxiliary Unit Emissions , 

On-site fossil fuel--fired backup boilerS/ if used, will 
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produae the usual eombustion -related amissions such as particu- 
latasT SO % NO_f GO, and hydrocarbons. The impacts of these 
missions will vary with the aiie and extent of use of the 
.backup units tliemselves, the type of fuel burned (oil or 
^^a.tutaL gas will probably be the most coranon auxiliary fuels 
be^auie of the felativ.ely high costs associated with coal burning 
on such a small intermittent scale) , and the meteorological conditions 
at the plant site. These impacts, however, are riot peculiar to 
STES, but are common to- fossil fuel-fireql^ boiler operations 
„althojigh jemiss_ions_ from STES will be _iess__c^^ to the rela-^ 



tively infrequent and intermittent operation of the auxiliary 
boiler. 1i ' ^ ^ 

In accordance with the Clean Air Act Amendments pf 19 70^ * 
the Environmental Protection Agency has established primary ahd 
secondary ambient air quality standards for six major pollu- 
tants including particulates and sulfur oxid&s. The primary^ 
standards provide for the protection of public health and the 
secondary standards for prevention of the many other undesirable 
effects of air pollution pertaining to public welfare. State 
and local agencies are responsible for limiting emissions of 
particulates and sulfur oxides so that the appropriate Federal 
standards are not exceeded, STES would be subject to these 
emission regulations and thus air quality impacts resulting, 
f rom ^auxi liary fossil fuel-^fired boiler operation should be 
kept within acceptable limits* ' , , , 

2. Cooling Tower Impacts - - 

STES are expected in some c^ses to employ wet cooling towers 
for waste heat rejection* These towers througn water spraying inject 
dissolved and suspended solids into the atmosphere as well as create 

localized fog conditions (cn ^ no hnwRr nliime) . ImDacts on local air 
quality will vary with plant vocation and ambient conditions. 
The use of dry cooling towerg (a closed system) would not im^ 
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pact local air quality. Dry towers, however, are not 'as af-' 
ficient and are more costly than wet towers in areas with 
adequate water supply, Coolin§ towers are not peculiar to 
CTES, ,but rather Are common t6 .all newer electricai poWe|: gen^ 
erating systems^ (i.e., those which do not employ once through 
copying, and/or are not located near sizable bodies of 1*^^er) , 

*'3. Fugitive Dusf! , i 

Solar total energy system construction wili result in the 
usual fugitive dust emissions associated with large-^scale con= 
struction projects. Currentry available dust suppression tech 
niques should prove adequate to control construction^related 
fugitive dust. ' . , ^ 

Naturally induced fugitive dust (e . g. , from wind) could 
interfere with normal and efficient STES operation. ^ This will 
most likely ^result from dust buildups:^ on the helioHtat or 
collector reflecting surfaces which could cause optical inter- 
ference. To counter this, the heliostat field could be paved 
Dr chemically treated. 

C. Water Quality 

1. Working Fluid Release 

a. Solar Thermal Electric Fluids 

STES will make use of various heat transfer fluids in 
a^i^ciation with 'their receiver/boiler and thermal storage sub- 
systems. Fluids which are currently being considered f or : STES 
applications and which are of concern environmentally include 
hydrocarbon oils and various eutectic or near eutectic salt 



combinations. These fruids could be released to this environment 
and affect local water quality as a result of intentional 

system'' fluaHing operations or accidehtal leakage* (Periodic 
system flushing would be re^ire^ in order to replace degraded 
fluids or to carry out maintenance.) 

The release of these oils or salts could impact the en- 
v.irpmnent in a nmnbar of ways. In terms of water quality^ 
tnSit;^^lMse could, contaminate local water supplies. Ingestion 
of contaminated water would produce serious toxic effects. 

Of particular concern are the inorganic nitrates and 
nitrites (the pSodium and potassitim, salts) . Small ^ repeated in-^ 
jested^ doses; cif nitrates deposited in drinking water supplies 
may lead to weakness / general depression, headache^ and mental^ 
impairment* In the digestive tract of humans and animals, the 
nitrates are reduced to nitrites by some of the coiranon intestinal 
baateria, particularly the coli bacillus. Because of their 
anrci-bacterial properties nitrites are currently used eK= 
rensively as food preservatives* They are expecially common 
in processed and packaged ^neats, 

Inqeste^ nitrites can cause a cell respiratory condition 
known as cyanosife. Nitrate^nitrogrfn levels in water above 8-9 
ppm can| precipitate this illness. . The Public Health Service 
recommends restriction of the daily intake of nitrites in man to 
0*4 mg/kg body weight* Nitrites can also induce circulating 
blood stagnation which results in increased organism oxygen 
hunger. .-In addition/ inqssted nitrites inay lead to the forma- 
tion of a potent class of carcinogens known as nitrosamines 
(formed via the reaction of nitrites and amines either in 
water or in the. body) , k - . ' 

The EPA has established the maximum accc[Jrabl€ Concent ration 
nltrate^ni trogen in raw water used for drinking water supplies at 

A. ' 



- ' 10 mgp 



while the maximum acceptable Gpncentration of nitrite- 
nitrogen in raw water used for drinking water suppliep is 1,0 
mg/1. (The latter figure applies to water which would be coh^ 
sumed by infants^ )^ The nitrites would be used as anti-corrosive 
additives in water systems (i.e., the low temperautre storage 
,and distribution subsystems). Concentrations of these nitrites 
would vary with the type of metal piping used and the chemical 
* makeup of the water; however, concentrations would generally - 
be on the order of 2,000 ppm. Thus if 10,000 gallons (38,000 
liters) of fluid containing nitrite inhibitprs leaked into a * 
^medium sized [10 billion gallon (38 billion liter)] reservoir, 
a final nitrite concentration (assuming no nitrites in the 
reservoir) )of 0.002 mg/l would be attained.. This would result 
in-*^* nitrite concentratio^-^00 times below the EPA standard. 
In gfeneral, dilution o,f a fluTd with a 2000 ppm nitrite con- 
, centration by ^a factor of 2000 would b^ necessary to bring the 
total concentratibn of nitrites to the EPA acceptable level 
of 1.0 mg/l, " ^ 

<' - 

The release of heavy oils could also ,signif icantiy impact 
water quality. ^The EPA has stated that oil should be "essentially 
absen^ from raw water used for drinking^ water supplies" since ^ 
in any' amount, oil will result in taste, odor, and appearance 
changes and may be a possible human health >^d. y 

Pcoper chemiaal management of system f 1 ■ ng operations 



• should prevent serioup-^'iatpacting of local water quality. Certain 
of the spent fluids^ such as the oils, may hk suitable for re- 
clamation processes. It is estimated that from, 60-75 percent 
of degraded oils may be reclaimed using presently available 
techniques p These reclamation processes, however, may result 
in secondary environmental impacts. Presently available indus- 
trial chamical disposal methods should prove adequate to handle 
flushed fluids which ar^eVnot reclaimable. This problem is fur- 
ther mitigated by the fact that flushing operations are expected 
to occur infrequently. \. 
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Fluid leakage and/or spillage would be an accidental ^occur- 
rence and is not expected &m a result bf normal STES operation* 
Proper and periodic system maintenance should be adequate to 
prevent major fluid leakages. In addition^ chemical manage- 
ment procedures (e.g., containment ponds ^ dikes) should be able^ 
to control spillage and/pf leakage. Thus, working/enrage fluid ^ 
contamination of area water supplies should not be a major en^; ^ 
vironmenl^^l pBoBLem*if this area of concern is given proper 
"attention during the site development and STES operation* 

b. Distribution Subsystem Fluids - * 

Various distribut:^on fluid additives may be used in solar ^ 
total energy systems to control corrosion of the distribution ^ 

' p^iping, pH levels, and/or biofouling. The re^sase of the^e 
additives into area streams or groundwater could have signifi-* , 
cant effects. In addition, certain of these additives may 
potentially contaminate potable water supplies (diacussed 

b^lfSw) , The additives of most concern and their potential ' . 

tmDacts are presented here, / 

(1) Chromates , 

— 2 =2 
Both chromate (Cr 0^ ") and bichromate (Cr^ 0^ ) salts 

may be used as corrosion inhibitors in distribution piping, Con= 

centrations of chromates in working fluids ^ould be on the order 

of 0.9 gm/1. The EPA maximum acceptable concentration of total 

chromium in raw water used for drinking water supplies is 0,05 

5/ - 

mg/l. Dilution by a factor of 7,000 would bring the total 
chromium in the water to the EPA standard* If 10,00 0 gallons 
(38,000 liters) were emptied into a medium s^zed [10 billion 
gallon (38 billion liter)] reservoir^, dilution would amount to 
a factor of a million, thus ^yielding a leVel one hundred foid 
below the standard. The toxic effects of chromates and dichromates 
will be further discussed in the section on potable water -^on- 
tamination. 
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(2) Phosphates . 

Various phosphate solutions could also be used as corrosion 
inhibitora in distribution system fluids. Phosphorus is a 
key element in all living organisms. In the protoplasm of 
plants and animals it is broken down by cellular metabolism or 
the aetion of phosphatizing bacteria to dissolved phosphaVes 
(e.g. , CaHPO^ ) . These dissolved phosphates may be utilized ^ 
directly in protein synthesis in plants as primary nutrients*^/ 
ThuS/ the release ot relatively large amounts nf phosphates can 
generally re suit in blooms of plankton <|and tflgae w^th consequent 
reductions in dissolved pxygen content from favorable levels of ^ ' 
10 td 12 mg/1 to unfavorable levels of . 2 to 3 mg/1. Phosphates 
can" thus af f ect Nirinking water because the algal growths tend 
to impart an^ undesirable taste and odor to the water, Concen^ 

trations in excess of 25 ug/1 can result in excessive growths 

5'/' ' 
of algae or other aquatic plant life. Concentrations present 

m solar total energy sy^stems are eKpected to be sm^ll ' however ^ 

but release of large amounts of distribdtion fluids/could result 

in possible discernable effects! 

. ^: ' , .1- * 

(3) Nitrates^ ^Nitrites ... . ^ 

The general toxic effects of, nitrates and nitrites in man 
and animals ana tneir potential carcinogenic impacts nave 

been discussed in the section bn solar thermal electric fluids. 
Typically ;;^the nitrate-'nitrogen concentrations in lakes and other 
impounded waters tend to be below 0,1 mg/1,^/ Nitrates released 
from STES distribution systems during flushing operations or 
system failure could increase these levels in local water bodies 
and groundwater. Increased groundwater concentrations could 
contaminate wells. Health agencies have generally established 
a well water nitrate concentration of lOnig/1, ^/ This concentra- 
tion could be exceeded if a leak occurs in a large distribution 
subsystem located in the vicini^ of wells and tha^^^aischarqe is 
all owed t^o i n f i 1 1 r a t e t o q r n u n d wa t e r . * 
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In addition, nitrates nitrites, and "fixed" jincorporaied 
into chanfical compounds) nitrogen in the form of aimonia are ^ 
coimnon basic nutrients in aquatic ecosystems-. The release of 
these substances into lakes and rivers could stimulate floral 
growth resulting in th©^ undesirable .ejects associated with 
eutrophication. The dissolved oxy^4p^ content of the watej could 
thereby be reduced, with consequent^. harmful ^gf feats to fi^h^ The, 
concentrations and thus the impaq^S;,of these substances are not 
expected to be serious, however, due to the volumes needed to 
produce these effects at a noticeable level* 

, (4) Sul'fites, Sulfates ' " , 

Certain sulfate solutions such as sulfuric acid and %ylfide 

solutions such as sodimn sulfide may be added to distribution 

fluids as pH controllers, biocides, and corrosion inhibitors. ^ 

flhe sulfides can be decompesed to hydrogen sulfide (H2S) by 

lacterial action, a*hd the H^S is further oxidised to sulfates 

such as ammonium'^sulfate. (NH^SO,) . ^ As in the case of phosphates, 

nitrites, and' nitrates, sulfates are used by plants as primary 

nutrients. Related problems associated with eutrophication can 

result. In addition, the release of these substances could re^- 

' -- . ^ ^ . 

suit in increased salinity and pH lavale with possible harmful 

effyts to aquatic life;. The EPA maxwium allowable concentration 
of sulfates in freshwater used for drinking water supplies is 
250 mg/1, while the maximum concentration of sulfides for fresh- 
water aquatic life is 0.002 mg/1.^^ The levels of concentration 
evidenced in distribution subsystems, however, are not expected ^ 
to pose significant problems. ^ 

The Intermediate Minimum Property Standards for Solar 
. Heating and Domestic Hot Water Systems (published jointly by the 
National Bureau of Standards and th^ Department of Housifig^ 
Urban Development) offer a series of guidelines for the proper 
containWnt and disposal of released liquid working fluidr 
These guidelines are generally in relation"' to solar heating 
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systems f but they are also applicable in some cases to STES 
dirtribution fluids. These guidelines require thats 

1. A list of t^, chemical^ components of the 

heat transfer medium ^( i.e. , the distribution ^ 
fluid) must be provided in mg/1. This list must in^ 

r . 

elude any substanceB which comprise more than 0.1-€^% 
^f the mediim. 

2. The organic constituents of these substances ^ 
must have a five-'day biocttdaical oxygir^i^emand 
(K>D) , using sewage seed, of at least 70% 

^ , " ^of the theoretical oxygen d^and. This 
test s|l^l be in conformance *vfith the 
.Standard Methods for the ExkmLnation of 



Wate r /and Waste Water,^ "Werl6|i|i Public 
Hea^t4 .Association (1971). 



3. The concentp^^c^ of ch^ical constitu- 
ents must ^e^ompared with^ the 9 6- Hour LC-50 
' (Lethal" Concentration) bioassay value for 
protection of aquatic life. This^comparison 

is to be made in accordance with the Water 

^ — - — ■ — - 

Quality Criteria^ 1972 . 

Further research into chemical distribution fluid additives 
is required in order to assess their ^ potential impacts on water 
quality. Adoption of the above Minimupi Property Standards (MPS) 
guidelines by local adminis^ative and regulatory authorities 
Ibhould insufe^ that STES distribution system fluids will not 
seriously impact the ^nviroi^ent, \^ 

i ' ' 

' (5> Impacts on SeVkge Treatment Facilities 



STES distribution fluids may be flushed through the existing 
sanitary sewage facilities and lenter local sewage treatment* 
plants. In this case, the impacts of chemical ponstituents oh 
sewage treatment operations should be 'investigated , Distribution 

i 
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fluids are biodegrauable and suffi^fently diluted may be 

flushed through conventional sewage systems, * The following 
methodology is required in the MPS s ^ 

^ Using the gallon/day capacity of the local 

sewage treatment plant, approximate the con^ 
centration at the treatment pl^t. If the 
dilution of the chemical conltMuants is 1/10 ^ 

^ the LC^SO value or greater at the sewage 

treatment plant, the heat transfer tdistri- 
bution) m^ditim must* be diluted before emptying 
into a public sewer, 

Th^ MPS ;^lso provide fo* an adequately* sized catch basin* ^ 
to be used in conjunction with hazardous distribution fluids. 
This basin would serve to hold flushed distribution fluid 
during system repairs or until it can be properly disposed qf 
(i,e,^ by being trupked away to a chemical dumpK In addition, 
the catch basin should be adequately sized to allow" dilution 
in accordance with the sewage dispos^ provision presented 
above • 

(6) Potable Water Cc^ntamination 

STES distribution fluids will be used to supjply spac^-. 
heating, cooling, and domestic hot wate^. (usually v^a heat 
excl^angers) , Because of this interface between possibly hazardous 
distribution fluids and potable water 'supplies, contamination 
o'f the latter may result in potentially harmful consequences* 

Particularly dangerous distribution fl^id components are 
the nitrates/nitrites and the chromates and diGhromates. The 
toxic effect^ of the nitrates/nitrites have' already been dis- \ 
cussed ^in the ^^^ection on solar thermal electric fluids. ' 

Undiluted ^hromate contaminated water could pose a health 
problem' if the water, were ingested. Concentrations ' present 
would be on the order of 0.9 gm/liter (less ' than^^O.^^ molar). 
This is a!sout'0*4 gm/liter oj chromiurn. 
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The EPA has set the maximmm/^cceptable concentration of 
total chromium in raw water used for dr^inking water tuppliea at 
0^.65 mg/1, giving the following rationalai 



The naceeaitj of restricting concentratione of total 
chronrium to 0,05 mg/1 or less results from its adversa 
\ i^._piiysical eff^ts on hj^ans and the fact that there are 
' insufficient data concerning the ^effectiveness of the 
* , * defined treatanent proems in removing chromiim in ^he 

chromate form. Chromium, in its various valance states^, 
is toxic to man, produces lung tumors whenirmaled, and 
induces skin sensitizations* It occurs in some foods, ir. 
air, including cigmrette smoke , and in some water supplies 
No^ef fact levels for chromate ion. on man have not been 
determined* The prescribed limit of 0,05 mg/1 wis 
established to, .avoid jeopardizing the public health by 
the presence of chromium in drinking water 

A serious pi^blem with the use gf chromates, or any other 
working fluid, is the potential for contamination of domestic 

water supplies. The likelihood of water supply contamination 
is highest for systems with direct exchange of heat between 
the di'Stributi'On fluid and the hot water supply , Even a small 
leaK in the heating coil in the hot water h^ter can result in 
contamination of the hot water supply beyond EPA's maximiim 
acceptable standard* To reach the EPA standard of 0*05 mg/1, 
about 0-008 gallons (0,03 1) of^ working fluid would have to leak 
into a nominal 50 gallon (190 1) hot wmter heater. It must 
be kept in mind this |standard rs for chronic exposure. The 
amount required to pAduce acute symptoms over a short term 
ingestion period is likely to be higher* 

» 

The substances presented above are expected to^ be those of 
most serious concern. Yet many other fluids and additives are 
being considered for STES use* Additional investigation of 
potential distribution fluids anrl additives is necessary to 
insure the safety of their use in solar total energy systems. 
Research and development work is underway with the goal of ^ 

deve^loping effective, nontoxic, and inexpensive distribution 

I " __ ■■ 

fluids for STES use. 
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In the ittf^antMne^ a number of steps can be taken to guard 

against potable water contaminati©n. Severa'i of these are out- 

8 / 

lined in the Minimum Property Standards* ^ These includei ^ 

• ^paration of circulation loops between nonpotable 
distribution fluids and the domestic potable water 
system; ^ \ 

• Identification of nonpotable fluid arid potable water 
systems by color =cpded piping or metal tags; and 

• nonpotable fluid leak indicators, such as harmless 
vegetable dyes, 



In addition, proper double wall heat exchanger systems* can 
provide a high degree of protection against potable water con- 
tamination* these systems .are illustrated in Figure IV-l. 

D. Land Use/Solid Waste 

a 

1, Foregone Use of Land 



4 



Land use is an important consideration in STES deployment, 
primarily becuase of the relativej^y large land areas required 
for solar thermal electric generation. 

STES land requirements may thus confliGt with alternative 
land uses or area land use plans* This would be especially true 
Vn densely populated residential and commercial areas or areas 
of concentrated industry such as^" industrial parks. In such 
are^s, land is at a j^mium^and thus high in cost with con-- 
fliciting claims as to its proper use. 

To mitigate these potential conflicts , planning officials 
and the public should be educated on the relative cost— benefits 
and tradeoffs between STES and ^fossil fuel or nuclear po^erplants. 



FIGURE IV-I 
HEAT EXCHANQERS 



^%AT EXCHANGERS A heat exchanger is a 
device for transferring thermal energy from one 
fluid to another. In some solar systems, a heat 
exchanger may be required between the transfer 
medium^ circulated through the collector and the 

SHELL AND TUBi This type of heat exchanger 
is us^ to transfer heat from a transfer medium 
contairithg antif^ez& to water used for storage. 
Sheel and tube heat exchangers consist of an 
outer casing or shell surrounding a bundle of 
tubes. The water to be heated Is normally cir- 
culated in the tubes and the hot liquid Is circulated 
In the shelL Tubes are usually rfttal such as steel, 
copper or stainless steel and the shell is often steel 
for solar application^, A single shell and tube heat 
exchanger cannot be used for heat transfer from 
the toxic liquid to potable .water because double 
separation is not provided and the toxic liquid may 
enter the potable water supply. 



storage medium or between storage and the distri- 
bution component. Three types of heat exchangers 
that are most commonly used for these purposes 
are illustrated below. 



-OUXIR SHILL 



HOT WATiR 




HEAT TRANSFIR MEDfUM 



VISUAL INDICATOR 



SHELL AND DOUBLE TUBE This type of heat 
exchanger is similar to the previous one except 
that a secondary tube is located in the shelL The 
heated liquid circulates between the shell and the 
seconds tube. An intermediary non-to^ic heat 
transfer liquid^ located between the two ^ube 
circuits. As the heated liquid circulates through 
the tube, the Intermediary is heated which in turn 
heats the potable water supply. The heat ex- 
changer can be equipped with a sight glass to 
detect leaks = toxic liquid often contains a dye = or 
to increase the liquid level In the intermec 
chamber. 



DOUBLE WALL Another method of providing a 
double separation between the transfer medium 
and the potable water suppTy consists of tubing or 
a plate coil wrapped around and bonded to a tank: 
The potable water is heated as it circulates 
through the coll. When this method is used the 
tubing or coil must be adequately insulated to 
reduce heat losses. 



EXPANSION CHAMBER 
CONTAINING HEAT 
TRANSFER FLUID 
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OUTER HEAT TRANSFER 




HOT WATER 

OUTER SHELL 
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Source: NBS, Minimum Property Standards fo r Solar Sy stems ^^'' 
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The relative land-intensiveness of STES is balanced by a number 
of factors. Among these are 1) the fact that STES do not 
generate radioactive wastes which require long term isolated 
storage either above or below ground^ 2) STES do not typically 
generate the solid wastes associated with fossil fuel-fired 
powerplants (i*e.^ ash) which require on or off-site disposal, 
and 3) *STES are relatively non-polluting in terms of air^ water/ 
and l^armal pollution. Thus, a case could be made for the 
benefits of STES outweighing, or at least balancing, the costs 
in terms of relative land intensiveness and consequent dis-^ 
placement of other land uses. 

2 . Backup Unit Residuals 

STES may employ on-site fossil fuel^fired backup boiler 
units for use duriag periods when direct solar radiation is not 
available, ^|ies€ units will generate the solid wastes ) ash) 
typically associated with fossil fuel-fired boilers. Such 
wastes will require either on or off-site disposal. This 
problem is not pecuLiaif to STES, but is common to any fossil 
fuel-fired boiler. In addition, this problem is not expected 
to be significant since the backup units will be used on a relatively 
infrequent and intermittent basis and KfTT'p^^obably use oil 
or natural gas as fuels. The combustion of Wiese fuels does not 
generally produce solid wastes in the same quantities as coal 
combustion, 

E, Ecological Impacts 

1. Working, Storage, and Distribution Fluid Release 

As noted above in Section C (Water cjuality) , the various 
working/storage fluids used in solar thermal electricity gener-a- 
tion may be released into the environment as a result of flushing 
operations or leakage. These fluids, mainly hydrocarbon oils 
and eutectic seilts, may potentially affect the ambient ecosystt^m. 



This is especially true for the oils, which may suffoca.te 
dertain organisms by impairing the ability of surface cells to 
breathe. The salts appear to be somewhat less of a danger* 
Their release can be eKpected to result in an increased soil 
salinity which may atyfoct local soil and floral comniunititas . 
When a water solution con taining a relatively lax^ge amount of 
dissolved salts comes in conta^ct with plant cells, a shrinkage 
of the protoplasmic lining is caused. This process is known 
as "plasmolysis , '* and the shrinking action increases with the 
concentration of salts. Plasmolysis is caused by the osmotic 
movement of the water which passes fi^om the cell toward the 
more concentrated soil solution, and ultimately results in cell 
collapse. The precise salt concentration necess^.ry to induce 
this phenomenon is a function of the nature of the salt, the 
plant species, and the type of soil, among other ^factors . 
Certain plants, such a:_: sjgar beets, cotton, and western wheat 
grass have a relatively hie^h tolerance to saline soils, while 
peas, cabbage, and certain type:: of clover have a low tolerance 
level . 

The EPA has recommended that i^aters used for irrigation 
have a total dissolved solids (TDS) concentration not in excess 
of 2000-5000 mq/1 for tolerant crops, and. ^00-1000 mg/1 for 
sensitive cro|is , Thus, if 100 pounds (45 kg) of salts (in 
solution) were ""released , dilution by a factor of 24 , 000 would 
bo necGHHary Lo attain the EPA recommended TDS levels for sen- 
sitive crops. This would be equivalent to spreading the salts 
d 1 s s o 1 v e d i n w a t e r o v €i r 1 a ere (4047 m ) u f Ian d a t a d e p t h 
of 1 inch (2,54 cm) , The impacts of increased salinity due 
to salt solution release should not be significant, however, 
owing to the localised nature of the emission. Proper contain-^ 
mer leasuros (i.e., retention dikes) could also help allev|ate5. 
t h L ^ j ro b I e n i . / 
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Tile effects pf working/storage fluid release on the eco^ 
system would be insignificant if preceded by the removal of 
vegetation and the paving ^r treating of the collector "or 
heliostat field during plant construction, In addition^ proper 
management and system maintenance should prevent fluid leakages 
or spillage. The proper^ containment^ removal^ and disposal of 
intentionally flushed fluids should prevent their impacting 
local ecosystems. In this regard, flushed oils could^ be burned, 
recycled after treatment, or removed ^from the plant site and 
properly disposed of* Salts may be retained in catch basins 
until properly disposed of off-site in chemic^ dumps. 

The. impacts of distribution fliiids and additives on water 
quality and aquatic li^fe have been discussed .above Distribution 
fluid leakage could also potentially harm local flo^a and fauna. 
Proper containment facilities, such as catch basins, should 
prevent the release of working fluids from significantly impact" 
ing local ecopys terns. 

Salt deposition (consisting- mostly of sodium chloride and 
certain other metal chlorides^ dependincj upon the makeup of the 
cool ing* wa t.er) resulting from, wet cooling tower operation (in 
association with absorption air conditioning) could also cause 
harmful effects to nearby foliage ^ as well as increase local 
soil salinity. Emission levels are expected to be quite small, 
fiowevcr, and thus impacts resulting frorf salt deposition are not 
expected to be siqnifiGant. 

2. Collector Field Impacts 

The heliostat or collector units may produce significant 
shading effects which could potentially impact- local ecosystems. 
Numerous floral and faunal species gould be attracted to the 
shaded areas under these units where they may thrive, thus 
creating system imbalances and/or impediments to collector 
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operation and maintenance perst nel. Control =of these shcided 
area microcoinmunities through various techniques may prove' 
necessary. Paving or chemical treatinQnt (oil application) for 
dust control purposes would eliminate floral growth as would the 
localized application of herbicides. In addition, the absence 
of floral growth and the presence of maintenance personnel 
should render the heliostat field undesirable as a fauna 1 habitat , 

F , Safety Issues 

1. Misdirected Solar Radiation 

The greatest potential safety, hazard associated with STES 
which employ central receiver solar^ thermal electric plants is 
. that which stems from misdirected solar radiation caused by a 
misaligned heliostat field. This invisible concentrated and 
focused solair radiation can potentially cause fires cxnd burns 
as well as create serious glare problems. 

At the focal point of the heliostat fiald' there is a 
concentrated beam of focused radiation. Beyond the focal point, 
this beam becomes increasingly dispersed and eventually becomes 
more diffused than the original solar radiat^ion. Thus there is a 
range around the focal point where the beam is ^-^itinif icantly 
concentrated as to present a potentially ser ious ''safety hazard. 
This is conceptually illus^rated^ in Figure Typically/ the 

focal point of a properly focused heliostat field coincides with , 
the central receiver. An out of focus hel io'^Stat field , however, 
wiil cause the::? focal point to occur a certain distance away 
from the central receiver. 

The most serious potential impacts of a misdirected heliostat 
field will occur in the range of concentrated radiation around 
the focal .point. The intensity of the beam in th!>| region would 
be sufficient to cause blinding and severe burns. In addition, ■ 
any type of combustible material could be easily ignited. In 
most cases, the^distanCG to ^thc focal point will bo relatively 
limited; thus most burn or fire impacts would be limited to the 



FIGURE IV-2 

' . VARIATION IN REFLECTip LIGHT INTENSITY OVER 
DISTANCE ASSUMING NO INTERCEPTION 
BY THi RECEIVER 
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.(CONCEPTUALLY) (REFLECTED LIGHT INTENSITY EQUAL TO 

THAT OF DIRECT SOLAR RADIATION) 



Source; EEA, Inc. 



mam- STES plant site. At a distance twice that bf the^ focal 
point, the beam will disperse to the point where it ^'epresents 
a sharp glare similar to direct sunlight (see below) * 

STES operating and mairttenancfe personnel should be instructed 
concerning the possible effects ot misdirected radiation. Some type 
of protective goggles fashioneH from materials such as photo- 
chrome or^apid rise glass should also^be worn by all personnel 
in potential danger areas, Heliostat systems should be designed^ 
for quick and safe emergency shutdown, and should be kept* in a.,, 
faqe 'down "rest" position when not in use. In addition, allx 
■ potentially combustible mater ialB should be' stored in places 
inaccessible to misdirected radiatfion. Furthermore, builaings and 

i 

access roads should be constructed out of the pathways of 
possible misdirected radiatio^% 

It should be noted that in certain sola^^, total energy system 
applications, helios tats will likely be individually focused. 
Thus even one misaligned hel ios tat could result in burn, fire, 
or glare hazards. It is therefore essential to educate area 
resid^ts and workers, as well as plant personnel, about the^ 
potential dangers associated with misdirected solar^adiat ion . ^ 
Exolusion areas and fciicing (see below), where appropriate, 
should also help alleviate potential problems. 

While not as hazardous as burns or fire, ylare is a poten- 
'tially serious problem resulting 'frrom misaligned or even properly 
aligned heliostats. This is due to its ability to im.pact both 
on and off-site receptors as ^well as those in overflying air-^ 
craft. The intensity of this glare will be a function of the 
distance of the receptor from tUe neiiostat field or individual^ 
heliostat producing the glare. As this distance increa|es , the ' 
intcjnsity of tho glare will dccrGase.\ Aside from atfect.^ng a'rt'jb 
personnel, glare can also affect the OEDerators and passengers 



of motor vehicles on nearby roads or ii; over flying ' aircraft * 
Accidents could occur as a result of temporarily blinded vehicle 
operators. To guard against this danger, the STES elpctrical 
*^lant should be designed and sited such that heavily-used public 
roads or highways will not be subjected to frequent glare. The 
solar thermal 'Electric plafct si-t^ itself should have perimejter^ 
fencing to insure that trespassers are not harmed by glare l^r 
burned. (Fencing would also guard against ^^andalism* ) 
In relation ^to » a Lrcraf t ^ it/may be necessary restrict planes 
f rorff"f lyinq over STES sites. Regulations to this effect could 
be administered by the Federal Aviation Administration. Tnus , 
protective devices for STES personnel ^ coupiea wich prupt^r 
layout and exclusion areas^ snould mitigate the serious impacts 
o iT qla TG . 

The abovfj ■ discuss ion is ri.t: intended to imply that many of 
tYiB potential hazards of helioHtat use cannot be mitiqated. 
Handled carefully, problems of misdirected reflected light can 
be minimized. However, it is anticipated that, particularly in 
.the tdchnology's infancy, acc idents of a serious nature can and 
will occur. Just in the very dimited expex^ience to|date in 
heliostat research, accidents have occurred due to an underes^i=^ 
mation of this hazard's potential. A worker^ at ^ test facility 
experienced a severe- burn on the hand when he went to move an 
oil drum in \Ub path of a misdirected ht^liostat. On another 
occasion, :i uont surroundi^hci an experimental heliostat burned 
to the ground when the tent flap blep/ op^en on a weekend and the 
heliostat was exposed to direct sunlight^ and ignited the tent. 
On a third occasion a truck driver using a construction road 
near a test site drove through a diffused post-focus beam 
presenting a bright glare and potential driving hazard. The 
driver's union contacted the test facility and a protective 
h.i r r le r w=;is o vc-n t- > r i 1 1 y cons t ruc tod . 



' ' 2. Workinq fluids: "safaty and Handling 

^ a. Molten Salts 

In the desicrn of an STES electric power plant, various heat 
transfer substances btive been postulated as worl^ing • fluids , 
secondary heat transftar media, and heat storage media. T^eso 
include molten eutectic salt mixtures that contain alkali ni^ 
trites, nitrates, and hydroxides (primarily NaNO^ , NaNO^, NaOH) , 
Heat storage and transfer media of this category typi^cally 
operate below 570"f (lOcfc) and are commonly comprised of sodium 
and .ssium salts in ratios that form a desired eutectic 

mixtL 

The compounds of concern in thf3 eutectic salt mixtures are 
primarily the nitrite and nitrate salts of sodium of potassium. 
Their potential for hazard is riot encountered under normal opera- 
tion, but under certain adverse conditions they can 'CQiitribute 
synergistic effects to combiratlble materials, increasi^ng Lheir 
eiammaoilLty and the intensity of fires. When expoped to temperatures 
above 716'-'f C 380"-C), sodium nitrate (NaNO^) will decompose re = 
leasing oxygen and furming sodium nitrite {NaNO^) which will 
also decompose at high temperatures. At greater ^temperatures 
,Iaround 1S30^'^F (100(y"C) ] or when subjected to extremie shock, '-^ 
closed containers of substances can rupture or explode, 

■'i ^ 

These niol ton i,f~ mixtures will not, under normal operation, - 
be expobed to conditions that will cause their aecomposition . - 
Their potential for hazard, however, is manifest in their release 
of dxygen upon decomposition encountered under .adverse conditions. 
In a worst=case example, it may be postulated that these nitrate * 
compounds could become exposed to extr -ly high temperatures, as 
during a fire, rupture their containers, mnd fuel the intensity 
°- to^HtinLi fir*. W! ^hi oxvaen'' { r rom" docomposition) . 
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In relation to oxidizing properties, sodium nitrate and sodium 
nitrite behave similarly (the potassium nitrate/nitrite analogs 
are similar to the sodium compounds and therefore need not be 
discussed). When Nac ^mpanied by combustible materials,- Na.NO^ and 
NaNO^ pose a severe fire hazard. Generally/ nitrate-flammable 

mixtures requir^e in ianition source before they burn; however , once 

; 9 / 

ignition occurs, violently ^apid combustion'^ is possible, even 

explosion. Indeed, sodiu^nitrate is such a powerful oxidizer (or 

oxygen carrier for reacrfons) that it is used in straight dynamite. 

Fire problems are further compounded by the release of nitrogen 

oxides accompanyinq the deconiposit ion of the nitrates and r^itrites. 

These oxides are toxic^ and self-contained oxygen gear must b6 worn 

when fighting a nitrates-nitrite induced fire. 

Storage and handling of NaNO.^ and NaNO^ must also be done with 

prudence as they are hygroscopic compounds which absorb moisture 

either from the air or material they contact, thereby increasing 

the potential for combustion. Ag^a^in , proper handling practices 

are well documented and, under these conditions, NaNO^ and NaNO^ 

are safe. \ 

■> 

b. Oils 

Hydrocarbon oils can also pose a potential fire or burn hazard. At 
temperatures of approximately" (18 0^0 the oil vapors will combust 

if exposed to air (this is known as the ''Flash Point") . The "Fire 
Point," at which the liquid oil itself will combust, is typically 
at temperatures of approximately 381"f , ( 194°C) . ^^^'^ These hydro = 
carbon oils:swill usually be hot enough to cause soverG 
burns i'f th_^ come in contact with the skin. 



Under normal operating conditions, heated hydrocarbon oils 
will not be exposed to air and thus combustion should not occur. 
Proper system maintenance should prove adequate to control possible 
leaks of heated oil which could result in oil fires. In addition. 
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proper handling and protective gear should prevent serious burns. 
The hydrocarbon oils being considered for STES applications are 
; not new, but rather Rave been in industrial use for quite some 
time. Thus, fire and burn safety procedures and proper handling 
techniques are generally well understood and fairly easily 
employed at STES ins talla tions\ 

c- Liquid Metals 

Liquid metals, primarily sodium, may be considered as a 
long term future option for use in central receiver systems as 
heat transfer fluids. In many cases, liquid metals present 
significant environmental and safety problems Because liquid 
^ metals are considered a long term option, the implications of 
theii^ use are not presented here. An in depth discussion of 
the environmental and safety implications of liquid metals is 
presented in a report on solar thermal electric systems by 
Energy and Environmental Analysis, Inc.^^"^ 

3. Re ceio/er Tower Impacts 

A f:)otential safety hazard peculiar to the central receiver 
solar thermal electric des^^gn^is the receiver tower. Depending 
upon the actual plant design finally adopted, there could -be 
one or more towers 350 to 900 feet (107 to 275 m) high. This 
compares with taller skyscrajters in the range of 25 = 75 stories. 
Typical utility gtacks, on the other hand, average between 20,0 
and 300 feet (61=92 m) . The receiver towers could pose 
potential safety hazards to aviation in the area. Both commer-^ 
cial and civil aviation would be affected. Receiver towers 
should thus conform to FAA regulations as to proper lighting 
\nd placement. In addition, the":^orohibi tion of STES overflights 
would significantly reduce any dan^r to aviation resulting 
from tall recGiver towers (as well 4s qlarG) . ^ 
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Since the t:ower is designed to support the boiler system, 
proper construction methods will be employed to cruard against 
possible damage or collapse due to seismic activity* However, 
even minor tower damage could result in the rupture of pres- 
surized working fluid transfer lines which connect the boiler 
unit with the turbogenerator located at the tower base. Seismic 

^problems are especial ly acute in relation to distributed col- 
lector systems. This is because distributed systems have much 
greater piping distances and thus more connections and fittings 
with a correspondingly higher probability of piping system 

-failure. Thus the poteBntial for rupture and working fluid 
leaks may be greater with distr ibuted^^ollectors than with 
the central receiver system. Careful geologic analyses 
of prospective STES si'tes should pinpoint area fau.lt l|.nes and 
determine the relative probability of significant sei^smic activity 
in the near future. Based on these studiec and proper siting 
and rtpnstruction methods , the risk of serious seismic damage can 
be significantly reduced. 

4. Worker Safety^ 

Because solar to^T"energy systems will comprise fairly 
sophisticated^ technologies A prof essional engineering support will 
be required of the operator^ Thus the potential for accidents 
due to inexpe'f ienc^ or lack of und^^rstanding will be lessened. In 
addition, the centralization of the STES electrical generation and 
thermal storage plants should preclude potential hazards resulting 
from the attempts of the inexperienced home handyman to repair 
or adiust his individual solar heating or cooling system. ' ^ 

G - Est hetics 

i 

1» Visual Impacts 

The visuar ef fectts of solar total energy systems will vary 
qreatly, depending upon their specific uses. The greatest visual 
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impact will be the solar th€jrmal electric generating' plant and ^ 
thermal storage subBystems , A central receiver STE plant will 
consist of a tower and a heliogtat field. Both wilJ present a 
unique and unfamiliar appearance. In 4-ndustrial areas, the STE 
plant will generally fit in well, appearing as an industrial in-^ ' 
stallation of some sort* In resident ial areas , however, the STE 
' plant will contrast markedly with s^urrounding streets and homes 
or apartments. The tower, turbogenerator, and storage tanks will 
appear as a somewhat out of palace industrial plant . 

The individual buildings which are supplied with heating, 
cooling, and domestic hot water generally will not be esthetically 
unpleasing. The only noticable elements may be the individual 
cooling tov/er units associated with building absorption air condi-- 
^, tioning. These cooling towers will be small, however, resembling 
^conventional central air conditioning units. Added piping and 
\pymps may be necessary, but these are not expected to create 
-significant visual impacts. The STES buildings, i^ general, should 
remain essentially unchanged from the visual standpoint. 

2 . Noise 



The boilers and; yturbogSnerators of the STE plant will create 
the usual nol,^€ leve^ls associated with steam cBlectric generation. 
The cooling towers associated with^each st^orage subsystem will 
also be a major source of noise. ^ industrial settings, these 
^^noise levels will not add greatly to ambient conditions and will 
"typically be indistinguishable from general indus^trial plant noise. 
In residential areas, however, the STE and storage systems could 
add significantly to ambient noise levels. "yiis problem is 
mitigated, however, by the ^^intermittent and relatively infrequent 
use op the storage system cooling towers, which would be the main 
sources of noise in solar "^total. Gnerqy svshoms. 
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The distribution system and individual heating and cooling systems 
can be expected to generatG limited amounts of noise as a result 
of pWp and blower ^perat ion - In addition, absorption unit 
cooling towers coulJ^enerate low level noise (typically lass 
than the HUD "acceptable" criteria of 4 5 dBA) , The impacts of 
distribution and heating/cooling noise are not expected to be 
significant, however, owing to the relatively low noise levels 
wh^ch would result. 



H . Social and I nGtitutional Impacts -:^=^- 
1. Impacts) on Utilities 

The deployment of solar total energy systems could aignif icantly 
impact local utilities and ut ility/con_Gumer relations. The pre- 
cise impacts will depend to a large extent on the size and' applica^ 
tion \t tYiB STES and the type? of auxiliary capability it employs 
(whethei^ on-site fossil fuel-fired boilers or utility supplied ^ 
eleq^^icity) . In all cases the utility will not receive the 
revenue from the sale of the displaced electricity. Thus the 
most important consideration is whether or not the utility's 
coSts wi|ll be- decreased sufficiently to compensate for the re-^ 
duced re^ven^e . Utility costs can be broken down into fixed 
costs / for plants and equipment^ and variable costs, for fuel. A 
decrease in elecct^icity demand will change the amount of fuel 
used by the utility but may^not change the necessary amount of 
generating capacity. The g(¥€-peak demand for electricity will 
decrease but the utility may still have to maintain a high gen- 
erating capacity for the "peak period demand. The impact of ^the 
deployment of the STES will, thus, be determined by the relationship 
between the total reduction in electi^icity demand 'and the re-^- 
duction in demand durinq the iatility's pe^ak hours. 

An important factor in this analysis now becomes the back-- 
up source of energy that the user plans to utilize when the sun 

\ 
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,does noysf>}ino and the solar system fails. A back-up system that 
is ind^ndent of the utility, e.g. fossil f\iel, will result in , 
no utilitSf electricity use. in this situation users that would 
use a lot of electricity during the utility's peaks, e.g., com-, 
mercial and residential buildings, will tend to raise the 
utility' s capacity factor* and even outfits load by using 'sTES , in- 
stead. If the user 'has a fairly, constant enAgy demand, e.g.^ 
an industrial operation, then the utility will lose a base load 
user. This will lower the capacity factor and cause greater 
fluctuation in the utilities- demand . 

If the STES aisplaces electricity demand then it is likely 
that electricity will be used as a back-up fuel. In this case 
the utility will not be able to lower its qenerating capacity 
will have to maintain the capacity so that if the STES fails 
during a utility peak the utility can supply the necessary 
electricity. This effect will be lessened if the user can 
utilize the STES ' s storage system and store off-=peak energy. 
A utility with a sunimer peak will also have fewer problems 
of this type since the longer and more frequent sunny days 
will make a STES failure less likely during a utility peak. 

2. Building Code Ad4ptation 

Local building codes may impose barriers to STES deployment, 
especially in residential applications. Building code impacts may 
be potentially severe because building codes are imposed and ad-- 
ministered on a municipal basis rather^ than through centralized 
State or Federal processes. Buildin>§ code laws genei^ally contai^n 
no provision for judicial challencge or review of standards, en = 

The capacxty factor shows the ratio between the actual out= 
put of the utility and maximum possible output. 

P P ^ Annual Utili^ty Output (kwh) ' ~ . ^ 

" " Total" Utility Capacity (kw) x 8760 hrs . ' ^ 



forceinent, or adminietration. Potential le^al remediae inalude 
anti'trust actions based on undue restriction of energy altarnativeg , 
review of regulations to determine whether they unduly restrict an 
owner's use of property without due process of law, aftd invocation 
of interstate c<^^erce provisions for Federal review of State laws 
which tinduly burden interstate commerce. Potential Federal ^ 

actions^ such as a national building code or a system of State 
pode certification tied to Federal grants, are generally considered 
unrealistic in terms of monetary and manpower expense, although 
hud's revised MPS are expepted to serve as a useful model for 
State or locally initiated revision of codes, A review of current 
research and experience with solar heated installations indicated 
that no serious conflicts have arisen or are expected to. arise 
between local building codes and solar system users , ' ^ This, 
however, may not be the case with solar total energy systems* % 

In general, though, STES are energy savers and thus politically 
attractive. Therefore, several States have enacted legislation 
requiring new buildings to have the capability to accommodate solar 
heating, cooling, and hot water systems. Such regulations are 
expected to greatly minimize future building code conflicts. 

Solar builders and researchers agree that education and co= 

operation of officials at the local level is the most crucial re^ 

quirertient in resolving building code conflicts. ^As one researcher 

summarized, "The building code dilemma must be resolved at the local 

level with^the^ aid of people who have been involved in modelling 

codes in the past as well as solar energy people "^^"^ Public educa- 

tion as to the energy saving potential of solar total energy 

systems should facilitate this proceBs; 
, * 

3. Zoning Rogulations 

Zoning, regulations are based orathe police powers of the 
government and fall within the grant of powers to towns and 
cities. In essence, zoning regulations restrict the ways in 
which owners may deve.i---^p or use their land in the interest of th_e 
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.ic healthy safety^ morals^ and general welfare* Zoning regu- 
lationi are largely initiatad and administered at the municipal 
or county level and although there is a trend towards regional 
and Statewide zoning plans ^ their administration is often hampered 
by lack of funds, lack of interest, haphazard reporting, complexity , 
expense^ and fragmentation of administrative procedures 

/I ^Land use controls other than zoning include personal cove- 
dants or easements and subdivision ^requirements imposed on developers 
'specifying services to be provided in compensation for the rfddi^ 
tional demands on community resources caused by incoming residents . 
In general, subdivision requirements for lar^e developments such 
as residential areas, shopping centers, and industrial parks (all 

potential STES users) tend to be broader and more flexible than 

* 12 16/ 

those for other land uses,' ■ 

Zoning requirements which may restrict the use of solar total 
energy systems include height limitations and provisions for 
building appearance or esthetic review. These impacts would be 
particuiarly severe for solar total energy systems* Cooperative 
systems involving collectors or ^storage shared among several pro- 
perty owners such as a community owned STES might also violate re^ 
strictions on propei^ty use, although this has not occurred to date* 
Where zoning regulations are incompatible with proposed solar 
total energy systems, variance procedures are costly , time-consuming, 
and uncertain, with wide variations among various localities* 
Furthermore, zoning regulations are not readily subject to judicial 
review, so each situation .must be considered on a case'-by-case 
basis. 

As with building codes, changes in zoning regulations are most 
likely to be successful when approached at the local level, although 
comprehensive regional and Statewide regulations provide a useful 
model framework* Modifications of current zoning and land use 
regulations to promote solar energy utilization have been proposed 



on th© basis of extending tWe interpratation of publio welfare to 
inaluda tha benefits of dfofeaaed dependeftrGe on non^renewable and 
environmentally taxing energy sources. The goal of s\ich modifi- 
cations would be to remove physieal reBtrictione on height, bulk, 
location, and appearance of solar components, and also to ensure 
access to sunlight, which is discussed in greater detail below. 
The overall impact of loning and land use regulations has been 
negligible to date, with conflicts being solved on a case-by--case 
^basis. flowever, this impact is expected to grow as the n^nber of 
sol^r installations increases and may become a significant de- 
terrent to their general use if potential problems are not re^ 
solved* It is expected, however, that adequate planning coupled 
with legislation and public education (portraying STES as an energy 
paving technology) can alleviate most problems resulting from local 
regulations * 

4. Solar Access Impacts 

The "sun rights" issue or the problem of assuring continued 
access to sunlight on solar collectors or heliostats represents a 
potential social impact of STES development. If continued access 
to sunlight is in doubt, potential STES users, investors, and in- 
stitutional decision^makers may be hesitant to commit their re- 
sources to the new technology. Similarly, changing the present 
social framework to provide for sun guarantees could produce sig- 
nificant modifications in existing institutions and legal rela- 
tionships. The sun rights problem has been addressed by many re- 
searchers, including the American Bar Foundation and individual 
legal experts. 

Potential responses to the need for guaranteed access to sun- 
light vary from case-by-case legal actions to comprehensive zoning 
or other land use controls. Approaches used and their impact on 
social institutions and solar energy use will vary both in differ- 
ent situations and also with the urgency and magnitude of the 
problem as solar equipment becomes more and jnore widely available 
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and in use. In* a study on solar rights law, attorneys Kraemer 
and Pelt provide a set of guidelines for evaluftting the impact 
alternative Solar rights mechanisms ^nd choosing approptiati 

15/ ^v.^^ eol^tioris 



• actions for specific situations 
should I 



In th:^s frajriawork, mol^i 



protect users from shadows; 

promote solar energy development and use; * 

be politically acceptable at all levels^ especially local i 

complement but not replace existing remedies such as 

covenants and easements; 

avoid additional direct expense; 

pragmatically solve specific problems arising in use, not 
broad hypothetical problen^; 

minimize. new bureaucratic structures and red tape; 
avoid litigation between neighbors; 

avoid unnecessary burdens to property ownerfe and developers 
and 

provide flexibility for changing technology. 



Specific alternative mechanisms for ensuring access to sunlight are 
discussed below. 



Covenants and Deed Restrictions 



In this alternative, land-owners agree to observe certain re= 
strictions on use of their land, such as foregoing structures or- 
vegetation whicji would shadow their neighbors* solar collectars 
during peak sunlight hours. Covenants can be established during de- 
velopment, especially for large tracts, and may be incorporated 
into the title document or administered by a controlling body on a 
case-iDy=case basis. However, c^.venants artect only a small number 
units at one time, so that they are unsuitable as a universal solu^ 
tion. Because covenants do not necessarily run with the land, they 
may also cease. to apply or be subject to renegotiation when land 
changes hands. 
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b. Light and l.ir Easfments * 

• ■•• ■■ :v A , • , • 

Eaeemelits for access tb sunlight are similar to covenants artd 
may ba negotiated between neighbors on the basis of mutujal agree^^ 
ment or* financial remuneration. An easement forbiddinw^^ shading 
woiild be a negatdve rather than a positive agreement and thus by 
law it must be created by express grrfnt on a case-b/-case basis 
ra^ther than by implication or prescription* The format of such ^ 
agreements may , be prescribed by law i,n sope ca^k (e,g*, in Colorado) 
In general , Obtaining feasements for sunlight may be a costly ^ 
time-consuining ^ and ^uncertain process, particularly where neigh* 
bbrs have estheti^c objections or wish to protect future lafid^ 
scaping or development optibns. Consequently, their usefulness 
is limited as a general solution to the sun rights problem, and 
the necessity of ^-pbtaining such an agreement may act as a dis- 
incentive to potential STES usefs. 

/ 

c. Private Nuisance Actions 

Private nuisance actions based on shading tradition^ly have 

not been successful in the United States. Actions based on the 

English common law Doctrine of Ancient Lights," which stated 

that an owner had a right to light falling across his neighbor's ^ 

property if he had enjoyed its use for a period of 40 years, have 

been interpreted as unsuitable in America, where rapid change and 

T T ■ -p 12 / 

development have been prime characteristics of national lire. 
Private nuisance actions must instead demonstrate that collector 
shading results from malice and ill will and/or constitutes ir- 
reparable action causing greater harm ' -nn that expected from en- 
joining the defendant's activity, cri a which will be difficult 
to satisfy in many cases, ^^'^^^ In general, private nuisance ac- 
tions have doubtful value as a solar protection. The right to 
free use and development of property is generally given high^value 
in the united States, while solar nuisance sutts would promote 
litigation between neighbors, burden owners and users, increase 
direct expenses, and provide at best only a case^by-case solution 
to collectox" shading' probiems. 
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d,* Eminent Domain ' * = ' = 

^ Federal, State, and local governments have .the power to author^ 
ize the taking of property for public use, and several researchers 
have suggested 'that the government might have the power to Ci^demh 
airspace for salg or lease to STES u^ers ^aing eminent domain 
powers. There is some question whether such taking would be far 
a legitimate public use, as the inmiediate benefit would gO^^o pri- 
vata users despite the ultimate impact onS national energy and. 
environmental resources; however, there^ is some precedent for 
suchf a broad intferpretatioft, -particularly in the devfelopment of 

r 

the, urban renewal concept. Questions of interpretat^^on aside, 
this^ approach would have several undesirably impacts in that ex-^ 
tensive bureaucratic action is required, complex mechanisms for 
determining the dollar value of condemned airspace must be developed, 
and the requirement c^f public use as opposed to mere ber^efit would 
require that collectors or heliostats actually be installed at 
condemned locations. Consequently, condemnation would provide for 
specific solar installations but would not provide for a general • 
right to use sunlight if desired. 

At 'the same time, owners and developers would be unduly blocked 
from using all lands in a condemned tract, even though many areas 
would not block potential collector sites* Enforcement of condem-- 
nation proceedings would tend to cause litigation between neighbors 
and require establishment of regulations which could be politically 
unacceptable to local officials. 

A final impact of this approach would be the heavy involvement 
of government in crucial decisions about STES size, characteristics, 
and location, thereby weakening independent davelopment of solar 
total energy systems by private industries and individuals* 
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m. Zoning and^^and Use Gontrol • 

"Three-dimensional zoning," or extension of loning regulations 
to i!^clude control of shading on other^' property^ has been pro- 
posed 4s a^pro^ective^ impact of widespread solar energy devalop- 
meht. Such plans might provide for cqntrol^s on allowable shading 
at critical periods y with variance procedures to ptevent^ undue 
Jhardships, Soine zoning plans already ^clude provisions for*^ade-- 
qua^e light and air (Colorado) '. Other TOning analogs would Include ^ 
height controls and esthetic zoning for historic districts. 
Crucial requirements for sunlight . zoning controls would be^€he 
demonstration of public as opposed to private benefits , cleaif and 
specific wording of regulations, and equal and uniform application 
of restrictions within each^ zone Drawbacks' to such regulations 

would include vulnerability to challenge as an undue burden on 
property owners and the need for complex administrative structures. 
Much litigation would probably be generated. Sunlight zoning 
would be likely to raise severe political opposition on the basis 
of limitations on the free use and development of land. Several 
researchers have suggested using transferable development rights 
or density bonuses, compensating developers who are prevented from 
free use of land at some locations by allowing wider land uses or 
greater density at others. 

Despite their drawbacks, zoning controls may be a significant 
element in determining the ul^timate impact of solar energy. Com^ 
prehensive^^^fiing plans may provide a framework to accommodate the 
fcicreasing trend of enlarging public benefit concepts to include 
energy and environmental considerations. As solar total energy 
system use reaches significant proportions in specific localities, 
local zoning actions may be a useful mechanism for providing access 
to sunlight, ■ ^--^ 

Subdivision requirements are land use controls similar to 

fir ... 

zoning rules which are imposed on developers of large tracts by 
local government to compensate for community growth. Typical pro^ 
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visions are for opan space, eehool^, roads, and sanitary facilitiea. 



Theite raquirements might be enlarged €o includ©^ provisions for ; , 
STES capabilitias and shade protections * Although subdivision 

requirements tend to be more flexible than zoning laws, they are 

^ _ ' . ^ • ' ^ .. , ■■■ 

similarly prospective and local in nature* 

^^"'^ .5. Public tluisance Actions . 

Public nuisance regi^ations are^based on the '^lica powers of 
State and local government and most State criminal codes define 
specific acts of public nuisance and pirovide for their abatemeiit, 
A public nuisance is generally defined as the "doing of or the 
, failure to do something that injuriously^f f ects the s^ety, health, 
or morals of the public or dauses hurt^ inconvenience/or damage to 
the public generally." Kraemer and Felt feel that pubJ^^ 

nuisance law represents the best and simplest way to protect solar ' 
collectors from shading by other property uses. Protection of 
solar energy use would preserve the community by providing energy 
alternatives and reducing dependence on scarce or environmentally 
damaging fuels* Unlike zoning, public nuisance regulations are f 
also less vulnerable to fconstitutional challenge on the basis of 
undue taking of property or equal justice and due process provisions 
Only structures which actually created shading problems would be 
affected. Finally, expanded bureaucratic processes or public 
court actions would be minimized, 

Kraemer and Felt provide a model solar law defining shadows 

on a solar collector as a public nuisance and specifying appli-- 

cable equipment/ times of day, and sources of shadow. A municipal 

ordinance similar to Kraemer and Felt's proposed law is presently 

17/ 

under study by the City of Virginia Beach, Vijrginia, " This or^ 
dinance forbids shading of public beaches on the Atlantic OQean 
or Chesapeake Bay during peak periods of sunlight and recreational 
use. Although this prdinance was designed to protect reata^tional 
values, it is being observed by many solar enthusiasts as a poten- 
tial model for solar collector protection as well. 



In summary I most sourees consulted have not encountarad sig- 
nificant conflict b^twean eolar tachnology use and the existing 
pocial inf raitructure . However, more conflicts are foreseen as 
solar use becom^ more widespread,- While solar tota^enargy 
systeme are ralatively rare, qase-by--case solutions such as cove- 
nants and aasamalits or private nuisanca actions would be the most 
promanent social inp-^nts, Bro^ "^sr measures such as zoning and pub^ 
1^<^ j^aisanca regulations evolve as the number of STES instal- 

lations and potential conflicts increase. Meanwhile/ such 
impacts mustba addressed in order to minimiie their action as 
disincentives to ^long term solar development and planning. 

Most authorities agree that the greatest institutional i^mpacts 
of solar energy development will occur at the local level • Con- 
- sequently^ the amount and quality ^of information on solar "^ech^ , 
nologies and their social implic^ions will continue to be a crucial 
Jfector in determining social impacts. Public education at the 
community level could do much to remove potential social and insti^ 
tutional barriers to solar total energy system deployment. 
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NgPA DOCUMENT WORK PLAN AND 
ENVIRONMENTAL RESEARCH PROJECTS 
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The purpose of this - section is to lay out a praliminary 
draft work plan for environmental analyBis of th^ solar total 
energy system concepts under development by the Energy Research 
and Developments Administration* IZ addresses the preparation of 
'Environmental Development Plans/ Environmental Impact Assessments^ 
and Environmental Impact Statements as well as the conduct of 
basic and applied research supportive of developing a better under^ 
standing of the environmental attributes of STEB. 

The work scheduled in this report should not be construed as 
official plans of either the Division of Solar Energy or of ERDA 
as a whole. The work shown is that identified by the contractor. 
Many of the projects Identified and outline4 in Section D can be 
carried outside of ERDA and can be handled in a variety of ways. 
The scheduled work does not take into account breakthroughs or 
findings which may result in the heed for reductions or expansions 
in effort and it may^not reflect specific work already underway 
in the public or private sectors. 

B * Description of NEPA Documents 

1 , Background 

The National Environmental Policy Act of 1969 (NEPA) imple^ 
mented by Executive Order on March 5, 1970, and the guidelines of 
the Council on Environmental Quality of August 1/ 1973^ require 
that all agencies of the Federal government prepare detailed en= 
vironmental statements on major Federal actions significantly 
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affeqting the quality of the ^^an' envirqhment , The objective of 
NEPA is to build into the Eederal agency decision-making process, 
at the earliest possible pointy an appropriate and careful con- 
sideration of all environmeni^al aspects, of a proposed action Jin 
order that adverse environ^e^.^1 effects ^ay be avoided or Jjp.niinized 

In carrying out this mandate^ each agency of the government 
has set out a policy and procedures for implementing these re- 
quirements* ERDA currently operates under official guidelines 
originally established by and for the now defunct Atomic Energy 
Commission, In an effort to up-date and reorient the guidelines 
to meet ERDA's need^ alternative guidelines are now being prepared 
within ERDA, 

Although the proposed revisions have yet to be finalized or 
adopted, because the proposed changes are so extensive and this ' 
document is to serve a§ an input to a future agency planning effort, 
for purposes of this analysis the most recent proposed revision 
(November It 1976) has been used to represent the future official- 
guidelines. The discussion of NEPA report requirements and 
recommended work schedule is predicated on the guidance provided 
in the November 1 draft revision. 

The backbone of ERDA-s NEPA compliance program is the prepar-- 
ation and review (by the agency and the public) of documents ad- 
dressing the environmental aspects of programs and projects of 
the agency, Three types of documents are particularly important. 
These are Environmental Development Plans (EDP's), Environmental 
Impact Assessments (EIA's), and Environmental Impact Statements 
(EIS's). Each is described below, 

2 . Environmental Development Plans 

An Environmental Development Plan (EDP) is the basic ERDA 
management document for the planning, budgeting, managing, and re- 
viewing of the broad environmental implications for each energy 
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technology alternative f6r each^ major ERDA research^ development, 
and des^onstration and commercialization program* The EDP is 
designed to identify environmental issues, problems, and concerns 
as early as possible during the program's development; to analyze 
the available data and assess the current state of knowledge ref- 
lated to each issue, problem and concern; to set forth strategies 
to resolve these; to set forth the processes by which the public 
is involved in identification arffi resolution of these issues, 
problems, and concerns i and to designate significant milestones 
for resolution of these issues, problems, and concerns. The timing 
of the EDP ' s milestones reflect the sequencing of the technology 
development. The EDP ' s , once completed, are made available to the 
publi94 

3/ Environmental Impact Assessments 

fAn Environmental Impact Assessment (EIA) is a writte^ report 
prepared by an Assistant Administrator or an ERDA program office, 
which evaluates the environmental impacts of proposed ERDA actions 
to assure that environmental values are considered at the earliest 
meaningful point in the decision^making process. Based upon this 
evaluation, ERDA determines whether or not an environmental im= 
pact statement should be prepared. The EIA is intended to be 
a brief, factual, and objective document describing the proposed 
action; the environment which may be impacted; the potential 
environmental impacts during construction, operations, and 
site restoration; potential conflicts with Federal, State, re- 
gional^ or local plans; and the environmental implications of 
al ter na t i ve s . 

4 . Environmental Impact Statements 

An Environmental Impact Statement (EIS) is a 'document prepared 
at the earliest meaningful point in the decision^making proGess 
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which analyzes .the^^anticipated environmental impacte of proposed 
ERDA actions and of reasonably available aiternatives . It reflects 
tesponsible public and governmental views and concerns* EIS's 
are prepared in response to plans in the program EDP or after the 
review of an EIA which identifies potentially significant impacts. 
The EIS goes throiagh a specif iq^ preparation process involving 
agency and public review. 

The EIS goes through four steps during its prepa^ration . 
The preliminary draft is reviewed within ERDA; the draft is dis- 
tributed to the public for review arid comment; the preliminary 
final ^ incorporating comments submitted to ERDA in. response to the 
draft, is reviewed within ERDA; and the final EIS is issued reflect= 
ing the agency *s final review and deliberations. This final EIS 
is then officially filed with the Council on Environmental Quality 
and distributed to the pubJ^ic . Except in special cases, no ERDA ^ 
action subject to EIS preparation can be taken sooner than\30 days 
after the final EIS has been issued. 

EIS's can be prepared coy^rtng programs, projects, or the use ^ 
of ERDA facilities. In each case the document must reflect the 
utilization of a systematic interdisciplinary approach which will 
insure the integrated use of the natural and social sciences and 
the environmental design arts. 

" The report includes a description of the existing envionnient and 
a description and envii^onmental analysis of the proposed action and 
its alternatives, including an analysis of resource requirements and 
land use implications. There is a specific review of the unavoidable 
adverse environmental effects and a comparison of the advantages and 
disadvantages of the proposed action and it alternatives. 

C • NEPA Do cument Work Plan 

Figure V-1 presents an environmental work schedule for various 
solar total energy system projects. Also included is a schedule 
fox^ various research projects which are proposed below. 



^ALiNDAR YEAR 



WORK ELEMENT 



NEPA DOCUMINTS 

• STiS-Baraeks 

• STES II 

• STES 12 

• STES 1^ 

• STES #4 

RESEARCH PROJECTS 

(1) lOMWf Site Monitormg 
{2) Safety Study 

(3) Jndustry Regulation 

(4) Working Fluid Toxicity Study 

(5) Chemical Waste Disposal 

(6) Consumer/ Utility Interaciions 



1976 



1977 



19^ 1979 

II I II I 




T 



1980 
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D. Rese arch and EOevelopment Projects 



Through the preparatiuM of EEA's ©nviromnental survey, of the 
ERDA solar total energy system program, a wide range of environmentar 
issuel^^are identified which could not be adequately analyzed within 
the context of this study due to the complexity of the problems, 
the general lack of necessary research data, and the level of ef-- 
fort and schedule of the EEA stud^. This section identifies 
specific follow-up research projects which the EEA staff felt were 
critical to the understanding of the environmental consequences of 
large scale,, deployment of solar total energy systems and which are 
not likely to be specifically or adequately addressed solely in 
the preparation of NEPA docurnents. Many other research projects 
were identified dur ing^^EEA ' s study. This list represents a con-^ 
densation and trimming; damn of draft lists to those projects which^^^ 
are felt to be of .greatest importance to the advancement of solar 
total energy system use and ^the associated decision-making process 
within the Federal government. 

1. « -pn-Bite Monitoring of Clima to logical and Ecological^,. 

Parameters at the 10 MWe Solar Thermal Electric Pilot Plant 

m Prior to operation of the 10 MWe facility, monitoring shall 
take place to characterize the physical/chemical charac-^ 
teristics of soil and groundwater at the site. Local flora 
and fauna shall also be character ized at the site and an 
adjacent "similar" site. 

m During operation of the facility these parameters shall be 
intermittently re-dvaluated to determine the net impact of 
heliostat emplacement and operation on the rate and extent 
of change in soil conditions, post construction flora and 
fauna repopul a t ion , water balance at the soil/air interface, 
a n d p o tent i a 1 c 1 i. m a t o 1 o g i c a 1 p e r t u r b a t i o n s . 

2. Safrety Procedures for Fabr&lk'ion, Transport, Construction, 
and HperatiA of Heliostats ^d Distributed (Collectors 

• Develop control measures (hardware and/or operational) which 
will minimize or alleviate hazards due to misdirected light 
:ufLocttHl b\^ iK^LioHtatB and collectors during all phases 
uf t:h(^ 1 1 fabr ici\ t ion ^uid wsn . 
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• Assess the cost and effectiveness of speb^ific safety pt-^o-- 
cedures which might be applied to residential and commercial 
solar thermal electric facilities. 

• Develop a training program and handbook to be used in pre- 
paring workers and operators who will deal with the use and 
handling of heliostats. 

3, Regulation of the Splar industries 

As the various solar technologies move into large scale com- 
mercialization, responsibility for insurance of equipment depen- 
dability, efficency, durability, and safety will fall both on the 
government and the indu&try. This study would: 

• Identify the current mechanism of governmental or private 
regulation of the solar technology industries and their 
conventional technology counterpart ( s ) * 

• Assess the adequacy of Current and future regulatory mech- 
anisms ^ in particular, the extent to which self --regulation 
is likely and will be adequate. 

• Develop and analyze alternative regulatory options available 
to government (Federal, State, local) and industry (through" 
associations) to insure ths quality of solar technology 
products and to determine legal liability precedents and - 
the impact on the insurance industry. 

4. Liquid Working Fluid Additives Toxicity/Contamination 
Analys is 

• Survey all working fluid additives to identify chemical com- 
position, range of concentrations likely to be found in 
water based working-^f luid , and reason for using additive. 

i 

• Analyze various paths foi"^ entry of working fluid into the 
individual domestic' water supply and estimate possible con- 
centrations in the drinking water supply, 

• Review dffGCts information to determine type of effect severity 
D f s i n g 1 G o r m • . 1 1 i p 1 e doses i n c u r r e d p r i o r t o d e t e c t i o n o f 

the Leak (due to water taste or system failure) . 

• For those contaminants which present a risk* evaluate con= 
t r o 1 s t r a t e g i o s which mi c j h t include: 

taste or color Indicntij:; of a leak; 



a leak detection system; and or 



redesign to prevent leaks from occuring ; and/or 



elimination of additive or use of an alternative 
additive. 



5. 



Solid and Liquid Waste Disposal 



• Analyze alternative methods for treatment and disposal 
of used storage salts and working fluid removed 
from_^STES systems during maintenance or repair, 

• For each approach estimate cost^ labor requirements, and net 
environmental impact, and determine whether regulations of linan-^ 
cial incentives will he. needed to insure adequate imple^ 
mentation * 

-* 

6, Consumer/utility Relations 

• Analyze the shift in electr^icity demand which can result 
from solar total energy system use, 

• Determine the impact this shift will have on utility in^ 
dustry capital requirements and operating costs* 

• Identify alternative pr^icing mechanisms for distributing 
electricity generating . costs to STES users and non= so,lar - 
Gustoraers^ 

• Identify mechanisms avialable to the govexnrment to insure 
that pricing structures which are adopted do not place 

I severe or unfair costs on a pa^'ticular consumer group... 
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